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Turbo C, 
Turbo Basic, 
Turbo Pascal and 
Turbo Prolog: 
technical 
excellence 


66 Borland International’s Turbo Pascal, Turbo Basic 
and Turbo Prolog automatically identify themselves, by 
virtue of their ‘Turbo’ forenames, as superior language 
products with a common programming environment. 
The appellation also means to many PC users a ‘must 
have’ language. To us Turbo C looks like a coup for 


Borland. Garry Ray, PC Week 99 


BI-1131 


Turbo Prolog: 
The Natural Language of 
Artificial Intelligence 


hether you're a first-time 
\ y programmer or an expe- 

rienced one, Turbo Prolog’s 

natural implementation of Artifi- 
cial Intelligence soon shows you 
how to build expert systems, nat- 
ural language interfaces, custom- 
ized knowledge bases and smart 

information 
management 
systems. 


roeg0 PROS 


‘alsin _ 


Turbo Prolog and Turbo C 
work hand-in-hand 


Turbo Prolog? interfaces per- 
fectly with Turbo C® because 
they’re both designed to work 
with each other. 

The Turbo Prolog/Turbo C 
combination means that you can 
now build powerful commercial 
applications using two of the 
most powerful languages 
available. 


Turbo Prolog’s development 
system includes: 
[¥ Acomplete Prolog compiler that 
is a variation of the Clocksin and 
Mellish Edinburgh standard 
Prolog. 


™ A full-screen interactive editor. 

{ Support for both graphic and text 
windows. 

[¥ All the tools that let you build 
your own expert systems and 
AI applications with un- 
precedented ease. 


All Borland products are trademarks or registered trademarks of Borland Interna- 
” tional, Inc., or Borland/Analytica, Inc. Other brand and product names are trade- 
marks or registered trademarks of their respective holders. 

Copyright 1987 Borland International BI-1131 


&& An affordable, fast, and 
easy-to-use language that 
will delight the newcomer 
... You experienced Prolog 
hackers will likewise be 
delighted, if not astonished, 
by the features and per- 


- formance of the Turbo 


Prolog development 
environment. 

Turbo Prolog offers gener- 
ally the fastest and most 
approachable implementa- 
tion of that language. 


Darryl Rubin, AlExpent 99 


How Turbo Prolog’s new Tool- 
box adds 80 powerful tools 
and 8000 lines of source code 


In keeping with Borland tradi- 
tion, we’ve quickly added the 
new Turbo Prolog Toolbox” to 
Turbo Prolog. 

With 80 tools and 8000 lines 
of source code that can easily be 
incorporated into your own pro- 
grams—and 40 sample programs 
that show you how to put these 
AI tools to work—the Turbo 
Prolog Toolbox is a highly intelli- 
gent, high-performance addition. 
Only $99.95! 


Turbo Prolog Toolbox 
features include: 

Business graphics generation: 
boxes, circles, ellipses, bar charts, 
pie charts, scaled graphics 
Complete communications pack- - 
age: supports XMODEM protocol 

File transfers from Reflex,° dBASE 
Ill,° 1-2-3,° Symphony* 

A unique parser generator: con- 
struct your own compiler or query 
language 

[W Sophisticated user-interface design 
tools 

( Contains 40 example programs 

[ Easy-to-use screen editor: design 
your screen layout and I/O 

™ Calculated fields definition 

[MW Over 8,000 lines of source code 
you can incorporate into your own 


programs 


ur new Turbo C generates 
@) fast, tight, production- 
quality code at compilation 
speeds of more than 13,000 lines 
a minute! 
It’s the full-featured optimizing 
compiler everyone has been wait- 
ing for. 


Switching to Turbo C, or 
starting with Turbo C, you 
win both ways 

If you're already programming 
in C, switching to Turbo C will 
make you feel like you're riding a 
rocket instead of pedaling a bike.’ 

If you’re never programmed in 
C, starting with Turbo C gives you 
an instant edge. It’s easy to learn, 
easy to use, and the most efficient 
C compiler at any price. 
Only $99.95! 


4&4 Turbo C does look like 
What We've All Been Waiting 
For: a full-featured compiler 
that produces excellent 
code in an unbelievable 
hurry . . . moves into a class 
all its own among full- 
featured C compilers... 
Turbo C is indeed for the 
serious developer... One 
heck of a buy—at any 


price. Michael Abrash, 
Programmer’s Journal b | 5 


‘bo C: NEW! 
erful optimizing 
iler ever 


Why more than 600,000 


programmers worldwide are using 
Turbo Pascal today 


Sieve benchmark 


Execution size 


Benchmark run on an IBM PS/2 Model 60 using Turbo C version 
1.0 and the Turbo Linker version 1.0; Microsoft C version 4.0 and 
the MS overlay linker version 3.51. 


Technical Specifications 


® Compiler: One-pass optimizing com- 
piler generating linkable object 
modules. Included is Borland’s high- 
performance Turbo Linker.” The object 
module is compatible with the PC- 
DOS linker. Supports tiny, small, com- 
pact, medium, large, and huge 
memory model libraries. Can mix 
models with near and far pointers. 
Includes floating point emulator 
(utilizes 8087/80287 if installed). 


Interactive Editor: The system 
includes a powerful, interactive full- 
screen text editor. If the compiler 
detects an error, the editor auto- 
matically positions the cursor approp- 
riately in the source code. 


Development Environment: A power- 
ful “Make” is included so that manag- 
ing Turbo C program development is 
highly efficient. Also includes pull- 
down menus and windows. 


Links with relocatable object modules 
created using Borland’s Turbo Prolog 
into a single program. 

Inline assembly code. 

Loop optimizations. 

Register variables. 

ANSI C compatible. 

Start-up routine source code included. 
Both command line and integrated 
environment versions included. 
License to the source code for Run- 
time Library available. 


Join more than 100,000 Turbo C 
enthusiasts. Get your copy of 
Turbo C today! 


Minimum system requirements: All products run on IBM PC, 
XT, AT, PS/2, portable and true compatibles. PC-DOS (MS-DOS) 
2.0 or later. 384K RAM minimum. Basic Telecom and Editor Tool- 
boxes require 640K. 


Borland International 
4585 Scotts Valley Drive, Scotts Valley, CA 95066 
Telephone: (408) 438-8400 Telex: 172373 


Turbo Pascal’s worldwide 

success is Borland’s advanced 
technology. We created a com- 
piler so fast, that Turbo Pascal® is 
now the worldwide standard. And 
there are more tools for Turbo 
Pascal than for any other develop- 
ment environment in the world. 


Ta irresistible force behind 


You'll get everything you 
need from Turbo Pascal and 
its 5 Toolboxes 


Turbo Pascal and Family are 
all you’ll ever need to perfect pro- 
gramming in Pascal. 

If you've never programmed 
in Pascal, you'll probably want to 
start with Turbo Pascal Tutor® 2.0, 
and as your expertise quickly 
grows, add Toolboxes like our 


e Database Toolbox® 
° Editor Toolbox® 
Graphix Toolbox® 
e GameWorks® 
and our newest, 
e Numerical Methods Toolbox” 


x 
GRaPHEXTOO SS: 


= 


And because Turbo Pascal is the 
established worldwide standard, 
3rd party, independent non- 
Borland developers also offer an 
incredible array of programs for 
Turbo Pascal. Only $99.95! 


464 Borland International’s 
Turbo Pascal took the pro- 
gramming world by storm. A 
great compiler combined 
with a good editor at an 
astounding price, the pack- 
age quickly came to be 
called, simply, Turbo—and 
has sold more than 500,000 
copies. 

Stephen Randy Davis, PC Magazine 


Language deal of the cen- 
tury. PC Magazine 


1 a wis 


For Scientists and Engineers: 
Turbo Pascal Numerical 
Methods Toolbox 


The Numerical Methods Tool- 
box is a complete collection of 
‘Turbo Pascal routines and pro- 
grams. Add it to your develo 
ment system and you have the 
most comprehensive and power- 
ful numerical analysis capabil- 
ities—at your fingertips! 


The Numerical Methods Tool- 
box is a state-of-the-art mathemat- 
ical toolbox with these ten pow- 
erful features: 


[MW Zeros of a function 
Interpolation 
Differentiation 
Integration 
Matrix Inversion 
Matrix Eigenvalues 
Differential Equations 
Least Squares 
Fourier Transforms 
Graphics 

Each module comes with pro- 
cedures that can be easily adapted 
to your own program. The Tool- 
box also comes complete with 
source code. So you have total 
control of your application. 


Only $99.95! 
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Turbo Basic introduces E 
its powerful new Telecom, Editor N 
and Database Toolboxes 


urbo Basic? is the break- 
4h through you've been waiting 

for. The same power we 
brought to Pascal with Turbo 
Pascal has now been applied 
to BASIC with Turbo Basic. 

Compatible with BASICA, Turbo 

Basic is the high-performance, 
high-speed BASIC you’d expect 
from Borland. 


Basically, Turbo Basic is 
all you need 

It’s a complete development 
environment which includes an 
incredibly fast.compiler, an inter- 
active editor and a trace debug- 
ging system. It outperforms all its 
rivals, and because it’s compatible 
with BASICA, you probably 
already know how to use it. 

Includes a free MicroCalc” 
spreadsheet complete with source 
code. Only $99.95! 


pa est 


A téshinteal look at Turbo Basic | 


. Full recursion supported | 
[ Standard IEEE floating-point format | | 
M Floating-point support, with full 
8087 (math co-processor) integra- 
* tion. Software emulation if no 
8087 present 
[M Program size limited only by avail- | 
able memory (no 64K limitation) 
[M VGA, CGA, and EGA support 
[¥ Access to local, static, and global 
variables | 
[ Full integration of the compiler, 
editor, and executable program, 
with separate windows for editing, | 
messages, tracing, and execution | 
i Compile, run-time, and I/O errors | 
place you in the source code | 
where error occurred 
M New long integer (32-bit) data 
type 


| 
M Full 80-bit precision | 
™ Pull-down menus | 
M Full window management | 

i | 


46 Borland has created 
the most powerful version 
of BASIC ever. 


Ethan Winer, PC Magazine b | b | 


Telecom Toolbox is a complete 

communications package which 

takes advantage of the built-in 

communications capabilities of 

BASIC—use as is or modify. 

* Pull-down menus and windows 

* XMODEM support 

¢ VT 100 terminal emulation 

* Captures text to disk or printer 

° PhoneBook file 

° 300, 1200, 2400 baud support 

* Supports script files 

° Fast screen I/O 

* Supports most of XTalk’s 
command set 

* Manual dial and redial options 
Use Telecom Toolbox to embed 

communications capabilities into 

your own programs and/or build 

your own communications pack- 

age. Source code included for 

all Toolbox code and sample 


programs. Only $99.95! 


For the dealer nearest you or to order by phone call 


(800) 255-8008 
in CA (800) 742-1133 in Canada (800) 237-1136 


BORLAND 


INTERNATIONAL 
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Database Toolbox means that 
you don’t have to reinvent the 

wheel each time you write new 
Turbo Basic database programs. 


[MW “Trainer” shows you how B+ 
trees work. (Simply key in 
sample records and you'll see 
your index being built.) 


[W Turbo Access instantly locates, 
inserts or deletes records in a 
database—using B+ trees. 


{ Turbo Sort sorts data on single 
items or on multiple keys and 
features virtual memory 
management for sorting large 
data files. 


Source code included. 


Only $99.95! 


Editor Toolbox is all you need 
to build your own text editor or 
word processor. Includes source 
code for two sample editors. 

First Editor is a complete editor 
ready to include in your programs, 
complete with windows, block 
commands and memory-mapped 
screen routines. 

MicroStar’ is a full-blown text 
editor with a complete pull-down | 
menu user interface, and gives you 
* Wordwrap 
* Undo last change 
¢ Auto-Indent 
¢ Find and Find/Replace with options 
® Set left/right margins 
¢ Block mark, move and copy 
° Tab, insert, overstrike modes, line 

center etc. 

Includes source code. 


Only $99.95! Bi-1131 | 
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ARTICLES 


Efficient Programming with Optimizing C Compilers 
by Thomas J. Kelly and Allen McIntosh 

Optimized compilers transform good code into better code that’s 

tighter, faster, and more machine efficient. Which type of 

transformation you use—peephole, local, or global—can greatly 

affect the quality of your optimized code. Using sample C programs 

and a C optimizer from HCR Corp. as examples, the authors compare 

the three kinds of transformations. 4 3 


Peephole Optimization in Forth 

by Richard Wilton 

In this optimization technique, a language translator looks at short, 
commonly used sequences of translated code to determine if they can 
be optimized. If the sequences can, the code is replaced with 
sequences of machine-code routines that can be recognized by a 
threaded-code optimizer. The result? Faster run times with less 
memory or compilation overhead. 

The Road to Ada Tasking 49 
by Avram Tetewsky 

In this discussion of a fundamental element of Ada programming, the 
author defines tasking, explains task types, discusses basic Ada 
structures and terminology, and provides numerous program 
examples of tasking centered around a sensor-monitoring problem. 


PRODUCT WRAP-UP -— 


12 function libraries for C developers ———_»_____” 79 
B-tree filing systems for C Po 
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34 
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Programming on Purpose———__ 15 
By any other name 

ComputerVisions__._— 25 
Cordell Green and the Age of Reasoning 

Public Domain Software Review __—s—CsCA™7 
Surface plots, PHO/NET, and a Mac sourcebook ; 

Software Review CT 
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XQL is a dramatic step forward 


in the history of SQL. It’s the one 
unique SQL solution that helps 
programmers break through to even 
higher levels of productivity. Power- 
ful yet easy to use, XQL minimizes 
your-coding time and lets you focus 
on building better applications. 


XQL extends the power of 
Btrieve, SoftCraft’s high-perfor- 
mance file manager, by allowing ac- 
cess to multiple records at a time. It 
frees your application from physical 
file characteristics by providing true 
relational capabilities with data in- 
dependence, data descriptions, data 
integrity and security. 


XQL's three interface levels are 


a major advance in SQL technology. 
The first two levels, XQL primitives 


The most 


brilliant ictlvouch | 
in SQL technology - 


since SQL. 


for maximum 
efficiency or full 
SOL statements for 
maximum conve- 
nience, are callable 
subroutines from > 
BASIC, Pascal and C. The third 
level lets you enter SQL statements 
interactively without ever having 
to write a program. 


XQULs extensive DBMS fea- 
tures let you access data by name. 
Field order is independent of physi- 
cal location within the Btrieve 
record. Only records that pass your 


restrictions are returned—in the sort 
order you specify. Fields can be com- 
puted from other fields or constants. 
And you can manipulate composite 


records built from multiple, joined 
Btrieve files. 


XQL offers all 

the performance and 
reliability you’ve come to 
expect from Btrieve, includ- 
ing LAN support, fault 
tolerance, comprehensive 
documentation and expert 
technical support for trouble- 

free software development. 
Plus, you never pay royalties on 

your XQL applications. 


Put the latest innovation in SQL 


technology to work for you. 
Contact SoftCraft. 


SoftCraft . 


ANOVELL COMPANY 
P.O. Box 9802, #917 
Austin, Texas 78766 

(512) 346-8380 Telex 358 200 


XQL, $595; Berieve, $245; multiuser Btrieve, $595. XQL requires Btrieve and 
PC-DOS or MS-DOS 2.X or 3.X. XQL is a trademark and Btrieve is a registered trademark of SoftCraft, Inc. 
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Editor’s 
Notes 


oftware Development ‘88 is shap- 
ing up to be quite an event for 
programmers and software devel- 
opers. Since our informal announcement 
on this page in March, we have received 
commitments to speak from many of the 
most well-known names in our industry. 
At this point, the speaker list includes: 
a Jon Bentley, eminent computer scien- 
tist at AT&T Bell Labs, author of 
Communications of the ACM’s Pro- 
gramming Pearls. 
a RJ. Plauger, our Programming on Pur- 
pose columnist, noted author, secretary of 
the ANSI C committee, president of 
Whitesmiths. 
a Larry Constantine, author of land- 
mark book, Structured Design.” 
g@ Jack Purdum, author of best-selling C 
books and president of Ecosoft. 
@ Robert Ward, head of the C Users’ 
Group and author of Debugging C. 
w Philippe Kahn, founder and president 
of Borland International. 
g John Warnock, designer of Postscript 
and president and cofounder of Adobe 
Systems. 
g Charles Duff, developer of Neon and 
ACTOR and cofounder of Whitewater 
Group. 
g Alan Kay, developer of the object-ori- 
ented language, Smalltalk. 
g Dick Gabriel, originator of Common 
LISP and president of Lucid. 
w Esther Dyson, noted AI analyst and 
editor and publisher of Release 1.0. 
w Tom Kehler, chairman and CEO of 
IntelliCorp. 
g Gary Kildall, founder of Digital Re- 
search, developer of CP/M, and current- 
ly involved with CD ROM technology. 
In addition to-one-hour lectures, many 
of these speakers will also lead small, fo- 
cused workshops. Other workshops will 


COMPUTER LANGUAGE code can be obtained from CompuServe (type 
“GO CLM” at the prompt and you’ll be in our SIG), USENET 


be conducted by some of our most popu- 
lar authors, including: Avram Tetewsky 
(this month’s “The Road to Ada Task- 
ing”), Steve Estvanik (July ’86’s “From 
Fractals to Graftals”), Charles Somer- 
ville (May °87’s “Pick: A Multilingual 
Operating System”), Matthew Rapaport 
(monthly column, Designing with Data 
Bases), Markus Roberts (August ’86’s 
“Fifth Generation Languages: What are 
They Good For?”), and Dave Taylor 
(November °86’s ““Wordz that Almost 
Match’). 

The 30 lectures and 60 workshops will 
focus on eight topic areas: computer lan- 
guages, design methodologies, artificial 
intelligence, graphics, tools and utilities, 
data base design, C language issues, and 
the business of programming. Software 
Development ‘88 will be held February 
17-19 in San Francisco, Calif. 

For more information and a registra- 
tion form, take a look on page 95. 

This issue is kind of a mini C issue. 
Because reviews of compilers and inter- 
preters always fill up the review section 
in our annual February C issue, we de- 
cided midyear would be a good time to 
look at C tools. We’ve chosen for review 
12 C function libraries and three B-tree 
filing system packages. 

We’re also very pleased to have for you 
a thorough review of Borland Interna- 
tional’s Turbo C, written by Jim 
Brodie, chairman of the ANSI C lan- 
guage standards committee. 

The length of the reviews this month 


unfortunately crowded out a couple of . — 


our regular features, Designing with 
Data Bases and Exotic Language of the 
Month Club. They'll be back next month 
with Part II of Rapaport’s discussion of 
E.F. Codd’s rules and a look at a nifty 
language called Turing. Non-C readers 
will welcome that issue too: it’s our first 
annual issue on Pascal programming. 


Re 


Regina Starr Ridley 
Editor 
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~ NEW!FROM | 
BLAISE 
_ COMPUTING _ 


Today’s programmers 
need more than yes- 
terday’s tools. Re- 
quirements such as 
removable windows 
and ‘“‘sidekickable”’ 
pop-up utilities 

are changing 

the face of pro- 
gram design. 

You need to fil- 

ter interrupts so 

that other resi- 

dent programs 

still work. You 
need the ability to switch between 
multiple display pages and monitors. 
Today’s technical demands are almost 
endless, but C TOOLS PLUS gives you 
what you need. 


SOLID LIBRARY SUPPORT 


Blaise Computing offers you solid li- 
brary support that can meet all your 
demands and more. C TOOLS PLUS 
embodies the full spectrum of general- 
purpose utility functions that are criti- 
cal to today’s applications. 

Here’s just part of the PLUS 

in C TOOLS PLUS: 

@ C TOOLS and C TOOLS 2 compatibil- 
ity—two packages that receive rave 
reviews for quality, organization, usa- 
bility and documentation. 

@ FULL SOURCE CODE 


C Tools Plus’ 


For The Programmer 


Whose Alphabet 


Begins & Ends 


With “C” 


@ WINDOWS that are stackable, re- 
movable, that support word wrap and 
that can accept user input. 

@ INTERRUPT SERVICE ROUTINE 
support for truly flexible, robust and 
polite resident applications. 

@ MULTIPLE monitor and display 
support, including EGA 43-line mode. 

@ FAST DIRECT VIDEO ACCESS for 
efficiency that will not constrain good 
program design. 

@ DOCUMENTATION, TECHNICAL 


SUPPORT and attention ee qi Enclosed 5S Sq All domestic 
to detail that have distin. 77 je the PLUS 1nee8! Agy% Sal Je 4 
guished Blaise Computing 1 — a PLUS. (CA see ral EXPreSS shipping: ; ee 
products over the years. \ oraersad 10.00 f° phone: (—— 
C TOOLS PLUS supports \ yame Se te 
the Microsoft (andIBM) \ 4. ing Address: Sie 
3.00 and Lattice 3.00C \ SPP Exp. Date: oe 

i1 dis just wees cists 
compilers and is jus \ Sree peer ae 
$175.00. ees OS ae 
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Also Available Are: 

C VIEW MANAGER — 
A kit for building data 
entry screens and menus. 
Begin by designing on- 
screen what the operator 
will see; call upon our 


your program to display 
the screens and retrieve 
the data. Just $275, in- 
cluding all library 
source code. 

C ASYNCH MAN- 
AGER — provides 
the crucial core 
of hardware in- 
terrupt support 
needed to build 
applications that 
communicate. It 
also includes the “XMODEM” file-transfer 
protocol and support for Hayes-compatible 
modems. All source code is included for $175. 
C TOOLS & C TOOLS 2—an indispensable 
combination still available at a low price of 
$175, including all source code. See re- 
viewinPCTech & Journal, 6/85. 


BLAISE COMPUTING INC. 


2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) 540-5441 


ORDER TOLL-FREE 800-227-8087! 


library functions from~ 


ay 


4 Same Of The Most Famous Faces 


In Software Use Our C Functions 


Our famous customers are a little camera shy. It’s not that 
they are embarrassed by being Essential C Utility Library 
users. They just don’t want us shouting their names from 
the roof tops. 


The prestige of our users is not the primary reason to buy 
the Essential C Utility Library. The increased speed, 
features, and size efficiency of our products are the factors 
that demand their use. Our library contains over 400 
functions, all 
designed with 
elegance in mind. 


| 5! 


However, should 
curiosity get the 
best of you, call us 


at 201-762-6965 mun 
and we'll drop fy LIBRAG 
a few highly 

impressive names 

on you. 


Behind every great program is a great 
library. 


What’s a Library Without a Librarian? 


Our library comes complete with a sophisticated source 
code librarian. Now you can maintain current versions and 
conserve disk space. We want your development work to 
go as smoothly as possible. 


No Royalties, 30 Day Guarantee 


If within 30 days you don’t find our library totally 
satisfactory, bag the whole thing and receive a complete 
refund. There are no royalties associated with the 
library. 


Functions At A Glance 


© Fastest screen output available. © Disk error trapping 

© Save/Restore color screens in © Determine space available 
1/10 sec. e 40 functions to process 

© Pop-up block cursor menus 

© Save/Restore windows to disk @ Insert, delete, extract, index, 


or memory translate 

e 50 functions for business e Tested, easy-to-follow examples 
graphics © Demo programs with source 

@ dozens of string formats code 

© time and date arithmetic @ All source code included 

@ julian and day-of-week Documentation: 

© Ctrl-Break key trapping Thorough, comprehensive, 260 

e Field oriented data entry pages 

@ Stuff keyboard buffer Compatible C Compilers: 

© 18 Mouse control functions Microsoft, Lattice, Computer 

e Execute programs and batch Innovations, Aztec, Mark 
files Williams, DeSmet, and Wizard 

$185.00 


Do Your Homework 


The library you buy can influence the rest of your 
programming life. We encourage you to do some checking 
before making a decision. When you’ve done your home- 
work, you'll choose Essential. Call our support staff of 
experienced C programmers and find out before you buy 
how things will be after your check clears. 


To order or for support 
call: 201-762-6965 


For foreign orders contact: 
England: Gray Matter Tel. (0364) 53499 


West Germany: Omnitex Tel. 07623-61820 


Essential Software, Inc. 
PO. Box 1003, Maplewood, New Jersey 07040 
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characters and words slic 


Japan: Lifeboat Inc. of Japan Tel: 293 4711 | 


FEEDBACK 


Push and pop trick 


Dear Editor: 

I got a kick out of Mike Higgins’ arti- 
cle, ‘““Advanced MS-DOS Batch Proce- 
dures” (COMPUTER LANGUAGE, 
Apr. 1987, pp. 45-49) and wanted to 
share with your readers a little trick it 
inspired. 

We are all familiar with the annoy- 
ance of changing directories and then 
having to retype the name of the original 
directory. A couple of public domain pro- 
grams attempt to push and pop directo- 
ries by the heavy-handed method of 
creating a memory-resident buffer, inter- 
cepting the DOS interrupt, etc. 

Here is a simpler way: 

1. Create a file called cdf in the root 
directory (or any directory mentioned in 
the PATH) containing cd <EOF> 
(there is a space but no carriage return). 

2. Create a batch file called pushd.bat, 
similarly located with these: 


copy \cdf \popd.bat 

; make a copy of cdf 

cd >> \popd.bat 

; add the current directory 


3. Pushd and popd will now work as 
expected. The commands in pushd.bat 
can be copied into the start of a batch 
file and popd run at the end to restore 
the original directory. 

To add the. PATH variable to the push 
and pop feature, just add the following 
commands to pushd.bat: 


set opath=%path% 
; save old path 
echo path=%%opathh% >> 
\pop.bat 
; put return in popd 
Eric Gans 
Los Angeles, Calif. 


SYDETECH comments 


Dear Editor: 

Your coverage of screen managers and 
demo utilities in “Tools of the trade,” 
(Software Reviews, COMPUTER LAN- 
GUAGE, June 1987, pp. 109-149) fulfills 


a major gap in the technical literature 
aimed at professional programmers. Don- 
ald Drumheller and Michael Wilson ex- 
pertly introduced the subject and 
correctly positioned the products re- 
viewed. There are, however, a few com- 
ments of which your readers should be 
aware. 

First and foremost, COMPUTER 
LANGUAGE elected to classify these 
products as demo programs and screen 
managers. Unfortunately, this penalizes 
packages that perform both types of 
functions. In particular, this is the case 
of SYDETECH’s DisplayExpress which, 
in addition to its display management ca- 
pabilities, helps make and run demos 
without writing a single line of code. Yet 
this software is not even mentioned in 
the demo category. 

Second, we believe that users of dis- 
play management software are sensitive 
to such features as ease of composing a 
display, speed of displaying a screen, size 
of the data set necessary to define a 
screen, overhead added by the run-time 
support, time required to change a demo, 
ability to use timers in computer-driven 
shows, modularity and flexibility of the 
software, etc. It might be useful to com- 
pare the products reviewed based on 
these criteria. 

Third, we need to correct two errors 
and an omission in the section devoted to 
SYDETECH’s DisplayExpress and C- 
Display Librarian. It is stated that 
there’s no quick reference card in the 
package. In reality, a reference card sup- 
plied with DisplayExpress provides a 
summary of all the execution control 
commands of the C-Display Compiler. 
Regarding the nonavailability of path 
names in DisplayExpresss, please note 
that the DemoExpress Viewer, which is 
part of the package, does provide full 
support for path names. 

And there’s an aspect that was totally 
overlooked: programming examples and 
documentation. DisplayExpress and C- 
Display Librarian come with examples, 
including source, demos, a tutorial on 
display management, and detailed user 
instructions and programming 
specifications. 

Finally, I would like to offer an opin- 
ion about the functionality one can ex- 
pect from display management software. 
On the one hand, such software insulates 


Artwork: Anne Doering 


the applications from the operating sys- 
tem and/or the BIOS routines. On the 
other, it helps programmers write user- 
friendly programs quickly and easily. 
There’s a trend, however, that should not 
be forgotten: the more functions embed- 
ded in the screen manager, the less flexi- 
ble it becomes, the less freedom the 
programmer has to implement his or her 
own design and, as mentioned by the re- 
viewers, the bigger the overhead added to 
your application. 
Savu C. Savulescu, Ph.D 
President 
SYDETECH System 
Development Technologies 
Flushing, N.Y. 


SCREENIO discussion 


Dear Editor: 

We were pleased to see “New tools: 
COBOL screen management” (Software 
Reviews, COMPUTER LANGUAGE, 
June 1987, pp. 139-142). There were, 
however, a few inaccuracies. 

First, the author stated that Master 
Computer Systems’ FORMIX was the 
only product that handled formatting, 
justification, editing, and validation. This 
is incorrect. Northern Computing Con- 
sultants’ SCREENIO provides all of 
these facilities automatically via specifi- 
cation of edit masks and validation crite- 
ria in the panel editor. 

It was also incorrectly stated that 
SCREENIO’s panel editor generates 
COBOL source code for the panels to be 
displayed and stores this in a source li- 
brary file. A SCREENIO source library 
contains screen definitions used by the 
panel editor to store panels, not COBOL 
source code. 


The Fastest C 


We challenged Microsoft-C to a C compiler duel, measuring compile, link, and execution 
times. They wouldn’t take on Optimum-C — they own it and they know how fast it is! 


DATALIGHT?’s new Optimum-C compiler 
can make your programs run up to 30% faster 
than other compilers. That’s because it’s a 
true optimizing compiler. While many 
manufacturers may claim to have optimizing 
compilers, they can’t stand up against 
Optimum-C. Their optimizers look at only 
one or maybe a few statements at a time; 
Optimum-C takes in the BIG picture, looking 
at an entire function at once. 

Optimum-C tunes each function to the 
machine by maximizing register usage while 
minimizing memory usage. Optimizations 
performed include: global common subex- 
pression elimination, register allocation 
by coloring, copy/constant propagation, 
loop induction variables, and dead code 
elimination. 


Develop Programs Faster 


To save compile time during code develop- 
ment, you can turn off the optimization. 
Then, when your program is developed and 
debugged, you can turn on the optimization 
and recompile for the fastest execution speed. 

Also included to help you with code 
development is the EZ interactive editor/ 
environment. With EZ you can compile, link, 
execute and quickly correct any syntax errors 
by letting EZ show you the erroneous source 
line and error message. 


Library Source Code and Other Extras 


Top speed is only one of the advantages you 
get with Optimum-C. You also get complete 
library/startup source code (at no additional 
charge) support for 4 memory models 
(including large model), inline 8087 code, and 
standard object files. Plus a complete UNIX 
style MAKE program and a fast screen I/O 
package. 


Speed ROM Development 


It-used to be that to develop ROM code you 
had to purchase a compiler from one manu- 
facturer, a debugger from another, and other 
tools from still another. DATALIGHT has 
eliminated all the hassle by providing all the 


support tools necessary for ROM 
development. 

BENCHMARKS 

Sieve Pointer Optimize 
Optinium-C 49.3 AS 00.9 
MS C 58.6 90.2 38.6 
Turbo-C 62.1 49.0 40.2 


ROM-it, the Unique 

ROM Development Kit 
Only DATALIGHT offers you the kind of 
support you'll find in Rom-ii, the new ROM 
support package. This unique package speeds 
up the delivery of your ROM application by 
providing many program elements that you 

used to have to write for yourself. 
Rom-it includes a startup routine that 


-can take an 8086 from restart to C program 


execution by setting up segment registers, 
stack, heap, copying initialized data from 
ROM to RAM, and zeroing uninitialized 
data. The BLAZE locator/Intel hex file 
generator can locate code and data anywhere 
in memory, while performing checks for 
ROM overruns, illegal data access, and 
complete program location. The ROMable 
library contains the ROMable portions of the 
Optimum-C library, with support for inter- 
rupt handling in C, reading and writing I/O 
ports, and full math support. 


Debug ROMed Code from the PC 


You can download, execute, and debug 
programs on the target system from your PC, 
with Remote-DSD. This debugger is a sym- 
bolic windowing debugger that shows you the 
C source code (on the PC) that is executing 
on the target system. You can view and change 
global variables on the target system, modify 
data, set breakpoints and watch registers and 
flags. 
Try Optimum-C risk free 

Call us TOLL FREE today for your copy of 
Optimum-C. You will also receive free* “‘C: 
A Pragramming Workshop” to get you 
started with C..forfind out how we can help 
you get your ROM projects completed on 
time call us. 


Optimum-C w/ C Tutorial $139 
Rom-it $159 
Add $7 for shipping in US/$20 outside US 
COD (add $2.50) 
Not Copy Protected 


ORDER TOLL-FREE TODAY! 
1-800-221-6630 


ATTENTION OEMs! 


Contact us regarding arrangements. 


*Limited offer available exclusively to readers who 
purchase directly from Datalight. 
Microsoft and MS-DOS are registered trademarks 
of the Microsoft Corporation. Turbo C is a regis- 
tered trademark of Borland International. 
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Magazine Reviewers Shocked by 
DATALIGHT?’s Performance... 


“Reviewing this compiler was quite a surprise 
for us. For such a low price, we were expecting 
a “lightweight” compiler. What we got was 
a package that is as good as or better than 
most of the “heavyweights.” Datalight C 
implements a complete C language. It also 
compiles quickly, doesn’t take up much disk 
space, and looks impressive in the bench- 
marks.” 

DR. DOBBS, August 1986 


“This is a sharp compiler!... what is impres- 
sive is that Datalight not only stole the com- 
pile time show completely, but had the fastest 
Fibonacci executable time and had excellent 
object file sizes to boot!” 


COMPUTER LANGUAGE, February 1986 


Optimum-C Version 3.08 


NEW! 
EZ Interactive Development Environment 


NEW! 


¢ Full UNIX System 5 C language plus 
ANSI extensions 

¢ Fast/tight code via powerful 
optimizations including common sub- 
expression elimination 

¢ DLC one-step compile/link program 

¢ Multiple memory model support 

¢ UNIX compatible library with PC 
functions 

¢ Compatible with DOS linker and 
assembler 

¢ Third-party library support 

¢ Automatic generation of .COM files 

¢ Supports DOS pathnames, wild cards, 
and Input/Output redirection 

¢ Compatible with Lattice C version 3.x 

¢ Interrupt handling in C 

¢ Debugger support 

¢ ROMable code support/start-up source 

¢ Full UNIX MAKE Program 

¢ Tools in Source Code: cat, diff, ... 


MS-DOS? Support Features 


Mouse support 
Sound support 
Fast screen I/O 
Interrupt handler 


Datalight 


17505-68th Avenue NE, Suite 304 © 
Bothell, Washington 98011 USA 
(206) 367-1803 


eff © 


Inline 8087/80287 Math Support _|— 


While it’s true we ultimately produce 
a COBOL copybook for each panel de- 
signed, this copybook just contains a data 
structure defining the panel, control 
fields, and the COBOL definitions of the 
fields specified. We don’t generate PRO- 
CEDURE DIVISION code (nor do we 
consider it desirable to do so). 
Kevin J. Hansen 
General partner 
Northern Computing Consultants 
Juneau, Alaska 


Reviewer Charles Ballinger responds: 
First, you are correct in your assump- 
tion that it was hard to see how I over- 
looked the handling of justification, 
editing, and validation. 

The second paragraph is somewhat of 
a question, though, since SCREENIO 
creates source books and stores them in 
a source library. The point was that 
SCREENIO used this technique to store 
panels and then later created copybooks 
for inclusion into the source code of the 
actual program. 

I don’t understand your point about 
generating PROCEDURE DIVISION 
code since I would never want a screeen 
management program to do that, nor do 
I think the article implied that. 

Your other points are accurate, and 
for any omission I am sorry. 


seein: 
ZVIEW debate 


Dear Editor: 

This letter is in response to your re- 
view of our product, ZVIEW, in “Screen 
managers: The sharper image” (Software 
Reviews, COMPUTER LANGUAGE, 
June 1987, pp. 115-125). 

The manner in which the reviewer, 
Michael Wilson, conducted himself was 
to say the least, irresponsible and reck- 
less. It is quite obvious that he spent very 
little time with ZVIEW. To single out 
any one statement contained in this re- 
view would lend credence to its entirety. 
However, I feel I must. 

Reviewing some of the statements 
made by Wilson, I can only conclude 
that ZVIEW’s unique approach to screen 
management and programmer productiv- 
ity was one that Wilson was either un- 
able or unwilling to explore and 
comprehend. 

Furthermore, some statements were 
simply not true. First of all, all field 
characteristics and screen mask defini- 
tions can be changed very easily at run 
time using ZVIEW. Wilson states in his 
review of, another package, “All other 
packages allow you to dynamically 
change your screen.” 

Menus are very easy to implement in 
ZVIEW using special field characteris- 
tics and field exit routines. Again, in his 
review of this other package, Wilson 


states, “this method works well.” How 
can Wilson justify this contradiction? 
This method works well unless it happens 
to be in the ZVIEW package? Wilson’s 
false conclusion that ZVIEW lacked 
these features was a “big mark against 
the package.” 

With regard to two other products in- 
cluded in this multiproduct review, Wil- 
son felt that the lack of windowing 
features and context-sensitive help fea- 
tures were drawbacks of these two prod- 
ucts. He even went on to say that these 
two products would have these features 
in later versions. 

These features are and have been a 
very important part of ZVIEW. Our 
windowing capabilities and user help fa- 
cilities are a major feature of ZVIEW, 
yet they weren’t even mentioned as being 
a part of the ZVIEW package. Security 
provisions and programmer exit routine 
capabilities were treated in positive tones 
throughout the reviews of other products. 

ZVIEW has security provisions down 
to the field level and has user exit rou- 
tines at all levels of the data entry pro- 
cess. It would be hard to believe that 
these features were overlooked by Wil- 
son, as our manual has a chapter dedi- 
cated to user exit routine facilities. 

In “The big picture,” Wilson states 
that product support was one of his re- 
view criteria. Why wasn’t it mentioned 
that ZVIEW provides free telephone 
support? ZVIEW also requires no royal- 
ty payments, yet this was not mentioned. 

ZVIEW is a product that boasts hun- 
dreds of very satisfied users, many of 
who have taken exception to the state- 
ments made by Wilson via direct person- 
al comments to myself. 

Two independent reviews of our prod- 
uct in Sextant (Jan.-Feb. 1987, pp.54- 
55) and COMPUTER LANGUAGE 
(Sept. 1986, pp.132-134) are in total dis- 
agreement with Wilson’s comments. The 
Sextant review writes about ZVIEW, 
“the most sophisticated and complete 
screen generator I’ve seen so far.” The 
COMPUTER LANGUAGE teview stat- 
ed, “‘a valuable product...a tremendous 
tool for changing and adapting screen 
displays and handling application screen 
management and data entry.” 

Daniel M. Carpino 

President 

Data Management Consultants 
Las Vegas, Nev. 


Reviewer Michael Wilson responds: I re- 
ceived ZVIEW two days before the 
Screen manager review article was due. 
Unfortunately, I did not have sufficient 
time to fully explore the package. I dis- 
cussed this matter with the COM- 
PUTER LANGUAGE staff, and they 
decided to go ahead and publish a re- 
view of the product. 

The basic disagreement between Car- 
pino and myself is over the manual for 


Blaise Computing provides a broad range of pro- 
gramming tools for Pascal and C programmers, 
with libraries designed for serious software 
development. You get carefully crafted code 
that can be easily modified to grow with your 
changing needs. Our packages are shipped com- 
plete with comprehensive manuals, sample pro- 
grams and source code. 


C TOOLS PLUS 
$175.00 
NEW! Full spectrum of general-purpose utility 
functions; windows that can be stacked, re- 
moved, and accept user input; interrupt serv- 
ice routines for resident applications; screen 
handling including EGA 43-line text mode sup- 


port and direct screen access; string functions; 
and DOS file handling. 


PASCAL TOOLS/TOOLS 2 
$175.00 


Expanded string and screen handling; graphics 
routines; easy creation of program interfaces; 
memory management; general program con- 
trol; and DOS file support. 


VIEW MANAGER 
$275.00 


Complete screen management; paint data entry 
screens; screens can be managed by your appli- 
cation program; block mode data entry or field- 
by-field control. Specify C or IBM/MS-Pascal. 


ASYNCH MANAGER 
$175.00 


Full featured asynchronous communications 
library providing interrupt driven support for 
the COM ports; I/O buffers up to 64K; XON/ 
XOFF protocol; baud rates up to 9600; modem 


control and XMODEM file transfer. Specify C or ee 


IBM/MS-Pascal. 


Turbo POWER TOOLS PLUS 
$99.95 


NEW! Expanded string support; extended 
screen and window management including EGA 
support; pop-up menus; memory management; 
execute any program from within Turbo Pascal; 
interrupt service routine support allowing you 
to write memory resident programs; schedul- 
able intervention code. 


Turbo ASYNCH PLUS 
$99.95 


Complete asynchronous communications 
library providing interrupt driven support for 
the COM ports; I/O buffers up to 64K; XON/ 
XOFF protocol; and baud rates up to 9600. 


RUNOFF 
$49.95 


NEW! Text formatter written especially for pro- 
grammers; flexible printer control; user-defined 
variables; index generation; and general macro 
facility. Crafted in Turbo Pascal. 


EXEC 
$95.00 


Program chaining executive. Chain one pro- 
gram from another even if the programs are in 
different languages. Shared data areas can be 
specified. e 


ORDER TOLL-FREE 800-227-8087! 
a 


WW 
BLAISE COMPUTING INC. 


2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) 540-5441 
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hen it comes to maintaining their most 

valuable asset, the leading software 
publishers rely on the POLYTRON Version Con- 
trol System (PVCS). From accounting firms to 
airlines, the leading service companies depend 
on PVCS to maintain the integrity of their pro- 
grams. Leading manufacturing companies use 
PVCS to maintain their state-of-the-art software. 
Leading high technology companies turn to 
PVCS to handle configuration management for 
software projects that represent an investment 
of hundreds of thousands of dollars. The largest 
aerospace companies and defense contractors 
use PVCS to maintain integrity of projects during 
development and after delivery of software. 
Independent programmers use -PVCS to 
improve their productivity and software quality 
for themselves and their clients. 


Simplify 
Configuration Management 


When large and complex software programs are 
being developed on personal computers or VAX 
minicomputers, effective management of the 
revisions and versions becomes critical. PVCS 
simplifies this process and lets you effectively 
control the proliferation of code changes. We 
used UNIX SCCS and RCS as models. How- 
ever, our own experience, and the input of 
hundreds of programmers and managers has 
enabled us to significantly improve upon these 
models. 


PVCS provides many 
powerful functions including: 
e Storage & Retrieval of multiple revisions of text. 
e Maintenance of acomplete history of changes. 
e Maintenance of separate lines of development 
using branching. 
e Merging simultaneous changes. 
e Resolution of Access Conflicts. 


° Modules can be retrieved by their own revision 
number, system version name, or specified 
date. 


° Uses “reverse deltas” to rebuild a prior version 
making PVCS the fastest version control 
system over the project life cycle. 


e Projects already under developmentor in the 
maintenance stage can be easily put under the 
control of PVCS. 


Manages Development On 
Local Area Networks 


Programming teams using Local Area Networks 
depend on PVCS to help the managers and 
team members work together. In fact, Novell and 
3Com themselves depend on PVCS to manage 
the versions of their own network software 
products. 


Supports MS-DOS | 
and VAX/VMS Development 


Now, companies that develop software on VAX 
systems running VMS can also use PVCS. And 
since the VMS and MS-DOS versions of PVCS 
use the same “logfile” format, you can easily 
develop software on PCs and maintain the code 
on the VAX or vice versa. The menu-driven, 
screen-oriented interface (and optional 
command-driven interface) makes it easy for 
programmers and librarians or administrators to 
use PVCS on aPC or VAX or both systems. 


PVCS Maintains System 
‘Integrity 


PVCS prevents corruption of code that could 
ordinarily result from security breaks, user care- 
lessness or malfunctions. The levels of security 
can be tailored to meet the needs of your project. 


PVCS & PolyMake 
Work Together 


PolyMake, the leading MS-DOS make utility, is 
now available for the VMS operating system. 
This allows you to write makefiles that will func- 
tion in both PC and VAX environments. Addition- 
ally, PolyMake reads time & date stamps of PVCS 
archives for fast, accurate program rebuilding. 


PVCS and PolyMake Maintain 
Source Code Written In 
Any Language. 


Only PVCS meets the needs of independent 
programmers and corporations. Once you stan- 
dardize on PVCS, the archives used to track and 
monitor changes are interchangeable between 
any PVCS product. You will receive full credit for 
your initial purchase if you upgrade to a higher- 
priced MS-DOS version of PVCS. 


Personal PVCS — Offers most of the power and 
flexibility of Corporate RVCS, but excludes the 
features necessary ‘for multiple-programmer 
projects. 


Corporate PVCS — Offers additional features to 
maintain source code of very large and complex 


projects that may involve multiple programmers. 
Includes multi-level branching to effectively main- 
tain code when programs evolve on multiple 
paths (e.g. new versions for different host 
systems, or anew program based on an existing 
program). 


Network PVCS — Extends Corporate PVCS for 
use on Networks. File locking and security levels 
can be tailored for each project. 


PVCS for VAX systems — Requires VMS. Uses 
the same interface and archive format as MS- 
DOS version. Supports branching and offers file 
locking and other security features for multiple- 
programmer projects. 


The Preferred 
Version Control System 


The customers listed below are just a few of the 
innovative leaders that have made PVCS the 
leading version control program for personal 


computers. 


Alcoa Aluminum 
Arthur Anderson 

AT&T 

Ashton-Tate 

Bank of America 

Bell Labs 

Bendix 

Boeing 

CIGNA 

Citibank 

3Com 

Colonial Penn 
Commerce Clearing House 
Control Data Corp. 
Corvus 

Cx! 

Digital Equipment Corp. 
Deloitte Haskins + Sells 
Diebold 

Dow 

Dunn & Bradstreet 

EDS 

Educational Testing Service 
E-Systems 

Equitable Life 

Federal Express 

First Boston 

Ford 

Fox Software 

Fujitsu 

GTE 

Hardees 
Hewlett-Packard 
Honeywell 

Hughes Aircraft 

IBM 

Industrial Networking 
Intel 


PC/XT/AT 


Personal PVCS 


Corporate PVCS 


Network PVCS $995** 


PolyMake 


Micro VAX II 


ISC Aerospace 
IVAC. 

Javelin 

Lattice 

Lawrence Livermore 
Lotus 

McData Corp. 
McDonnell Douglas 
Mead Data Central 
MIT Lincoln Labs 
Nastec 

Novell 

NCR Technologies 
Pitney Bowes 
Plexus Computers 
Price Waterhouse 
ROLM 

Rockwell International 
Safeco 

Sears 

Security Pacific 
Sperry 

Software Publishing 
Spacelabs 
Standard Oil 
Standard & Poors 
Tandem 

Tektronix 

Telex 

Texas Instruments 
Touche Ross 

Unisys 

United Airlines 
United Parcel Service 
United Technologies 


U.S. West saat 


Westinghouse Electronics 
Xerox 


VAX 8xxx 


Network 


PolyMake 


*Compatible with MS-DOS 2.0 through 3.3. 
Compatible with the IBM PC/XT/AT & other 


MS-DOS PCs. 


**5 Station LAN License. Call for pricing 


on larger Networks. 


TO ORDER: 
VISA/MC 1-800-547-4000. 
Dept. No. 350. 

Oregon & Outside USA call (503) 645-1150. 
Send Checks, PO.s to: POLYTRON 
Corporation, 1815 NW 169th Place, 

Suite 2110, Beaverton, OR 97006. 


=) | KON 


High Quality Software Since 1982 
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ZVIEW. If he would put as much effort 
into writing a better manual for ZVIEW 
as he has in defending it, he wouldn’t 
have to defend the package now. 

About my inconsistent focus on my 
own review criteria: the focus of our re- 
view criteria was to define what we be- 
lieved to be a reasonable core of features 
and define them once, in the introduc- 
tion. For each package any missing fea- 
tures were noted and listed as 
drawbacks. Any additional niceties were 
also noted and listed as strengths or at 
least options for the reader to consider. 

The review process is decidedly differ- 
ent in a single product review than in a 
product roundup when there is competi- 
tion and comparison. In a single product 
review, a product will usually get a de- 
cent-to-excellent review unless the prod- 
uct is so ridiculous that it doesn’t work 
at all. 

I also want to note that the Sextant 
review Carpino refers to stated the same 
three objections I had to ZVIEW: the 
manual, use of uppercase parameters, 
and use of hardcoded path names. 


Magus modifications 


Dear Editor: 

Thank you for including Data & Win- 
dows from Magus Inc. in “Screen man- 
agers: The sharper image” (Software 
Reviews, COMPUTER LANGUAGE, 
June 1987, pp. 115-125). Unfortunately, 
I found some rather disappointing mis- 
takes in the review. 

First of all, the review mentions three 
erroneous facts about our product: 
w“Data & Windows from Magus is sup- 
plied on two disks.” This is not correct. 
Our product is provided on three disks. 
mThe second error is a very serious one. 
“Data & Windows automatically in- 
cludes a compiler’s floating-point library. 
However, Magus supplies an object file 
that will satisfy the linker’s floating-point 
references, so that the library is not 
loaded.” 

This is entirely incorrect. Data & 
Windows is the only product, of all those 
reviewed, that will never include the 
compiler floating-point libraries, even if a 
floating-point field is defined! This is one 
of our most important features, as it can 
drastically reduce code size. The afore- 
mentioned object file does not prevent 
the compiler floating-point libraries from 
being loaded; it prevents our own assem- 
bly language routines from being loaded. 
This is stated very clearly in the 
documentation. 
uThe final misconception deals with the 
recognition of display devices. “If you’re 
using an EGA or CGA that doesn’t have 
a snow problem, an environment variable 
can be set to have the program update 


the screen as fast as possible. If you’re 
running under Topview or Windows, a 
different environment setting causes the 
program to use the BIOS for screen 
calls.” 

When discussing the other packages, 
the review states that the software atito- 
matically detects the installed display de- 
vice and uses the appropriate screen- 
refresh method. This is also the case with 
our software. The environment string is 
not used by our library routines at all. It 
is only used by the screen painter 
(BUILD.EXE) when designing a screen, 
so that a programmer can design a 
screen under an alternative operating en- 
vironment, such as Microsoft Windows. 

The points I have made in this letter 
so far have dealt with facts. I now have 
some opinions to express. 

The review singles out our package 
three times in the introduction. None of 
the other packages are identified in this 
singular fashion. There is a reason for 
this. All three unique features, for which 
we apparently deserved special mention, 
are related to our design philosophy, 
which is quite different than the design 
philosophy used by the other products. 
Yet we are never credited with any sort 
of unique design philosophy, and of the 
four improvements this design philosophy 
can yield—code size, performance, in- 


creased productivity, and mixed-lan- 
guage support—only the least important 
(mixed-language support) is emphasized. 

As a case in point, the first paragraph 
of the summary stated the following:“If 
you do a lot of interlanguage program- 
ming with Microsoft languages, Magus’s 
Data & Windows is a good choice.” 
Let’s take a look at what’s important to 
programmers in using a toolkit like this: 
ease of learning, ease of use, percentage 
increase in productivity, efficiency (code 
performance), economy (code size), flexi- 
bility (features), and cost. 

The entire bias of the review seems to 
indicate that a programmer should buy a 
program based on its features and cost 
and nothing else. None of the other fac- 
tors are addressed by the review. Upon 
finishing the review, the reader still does 
not know which package is easiest to 
learn and use, which will save them the 
most time, and which will produce the 
tightest and fastest code! 

Version 1.03 of Data & Windows has 
been released. I would like to invite your 
readers to order the new demo disk, free 
of charge, so they can examine the fea- 
tures added since the review. 


Brad E. Brassfield 
Vice-president 
Magus Inc. 
Houston, Texas 


FULL AT&T C++ for half the price of our competitors! 


Guidelines announces its port of version 1.1 of AT&T’s C++ translator. As an 


object-oriented language, C++ includes: 
constructors and destructors, data hiding, and data abstraction. 


classes, inheritance, member functions, 
‘Object-oriented’ 


means that C++ code is more readable, more reliable and more reusable. And that 
means faster development, easier maintenance, and the ability to handle more 
complex projects. C++ is Bell Labs’ answer to Ada and Modula 2. C++ will 
more than pay for itself in saved development time on your next project. 


~ C++ 


from GUIDELINES for the IBM PC: $195 


Requires IBM PC/XT/AT or compatible with 640K and a hard disk. 
Note: C++ isa translator, and requires the use of Microsoft C 3.0 or later. 


Here is what you get for $195: 
The full AT&T v1.1 C++ translator. 


Libraries for stream I/O and complex math. 
"The C++ Programming Language", the 
definitive 327-page tutorial and description 
by Bjarne Stroustrup, designer of C++. 


Sample programs written in C++. 
Installation guide and documentation. 
30 day money back guarantee. 


To order: 
send check or money order to: 


GUIDELINES SOFTWARE 
P.O. Box 749 
Orinda, CA 94563 


To order with Visa or MC, 
phone (415) 254-9393. 
(CA residents add 6% tax.) 


C++ is ported to the PC by Guidelines under license from AT&T. 
Call or write for a free C++ information package. 
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Reviewer Michael Wilson responds: 

uln my disk counts per package I in- 
cluded only those that actually con- 
tained the product. I did not include any 
tutorial disks. 

wl will grant Brassfield’s objection and 
accept hisexplanation. The additional 
object file that can be linked refers to an 
update received after I had submitted 
the article. 

uw The misconception about the environ- 
ment variable came from my first look 
through the manual. 

Concerning Brassfield’s opinions with 
the list of seven items of importance to a 
programmer. the first three deal with 
extremely subjective items, and the last 
four are covered in all of the products 
reviewed, as they can be nailed down 
easily. The reader should decide, from 
the text of the review, what weight and 
values the first three points should be 
given. 

Finally, and unfortunately, in the first 
paragraph of the summary, “The big 
picture,” two words were interchanged. 
The second sentence should have read: 
‘Tf you do a lot of mixed-language pro- 
gramming with Microsoft languages, 
Magus’s Data & Windows is a good 
choice.” 

I use the term interlanguage to mean 
writing a single program in a combina- 


-WINDOWS = 


MENUS = 


tion of two or more of C, Pascal, and 
FORTRAN. (This is also Microsoft's 
terminology.) Mixed-language means a 
programmer who uses two or more of C, 
Pascal, and FORTRAN for different 
programs, depending on the needs of the 
problem. 

Data & Windows is a good product. I 
can recommend it without a second 
thought. 


Instant Replay remarks 


Dear Editor: 

We appreciate the articles that have 
been written about Instant Replay in 
your magazine. However, “Program pro- 
totypers and the illusion of reality” 
(Software Reviews, COMPUTER LAN- 
GUAGE, June 1987, pp. 109-112) left us 
somewhat surprised. 
mThe cost of Instant Replay was shown 
along with the cost of our competitors. 
You failed to mention that Instant Re- 
play comes with a royalty-free license. 
m@No mention was made of our manual 
and tutorial disk. Instant Replay in 
cludes a 200-page illustrated manual. 
mThere were technical inaccuracies. For 
example, it was stated that it was neces- 
sary to switch back and forth between 


DATA ENTRY = SCREENS = 


HI-SCREEN XL" 


Does your screen management tool include all of this: 


the screen painter and the prototyper, yet 
Instant Replay includes a resident ver- 
sion of the screen painter. 
wHow can the same interface (function 
keys) be good for Dan Bricklin’s Demo 
Program and bad for Instant Replay? 
Robert G. Adamson II 
President 
Nostradamus Inc. 
Salt Lake City, Utah 


Reviewer John McNamee responds: To 
answer Adamson’s question, Demo uses 
the function keys as a shortcut for com- 
mands also on menus. 

Instant Replay requires you to use the 
function keys, which I felt made Instant 
Replay more difficult to learn. 


Clarifications 


Two sections of code were transposed in 
“Save Time with PUSH” (COMPUTER 
LANGUAGE, June 1987, pp. 34-42). 
The section on page 38 beginning with 
INT 21 PROC FAR and ending on page 
39 with MOV DX, OFFSET SECOND 
—CHILD_PRG should be switched with 
the section on page 39 beginning with 
INT DOS_FUNC and ending on page 
40 with Interrupt 21h.—Ed. 


? 


O Unlimited number of screens & windows C) Full-featured interactive screen editor 
Windows for menus, data entry, help screens L) Move/copy/delete/color/draw/undo 
Pop-up, pull-down and Lotus-like Menus functions 


Up to 26 overlapping wind h OO Merge feature 
i apping Windows on eacn screen 1 Online extended set of characters program 
On-line help management 


ae ; OO Redefinable function keys DO) Trace/debug compiled programs 
Automatic field checking : : 
(type/range/format/etc.) C) Data entry test mode under the editor OO Display eek from RAM memory 
2 modes for input: field by field/fullscreen (1 Direct access to DOS from the editor C1 Use screens & windows from D0S'and batan 


: files 
C1 True ease of use OO Print screens with clear data field description 


...and the ability to: 


O) Capture screens from other applications 
O Call screens for reference from your text editor 
0 Modify screens without recompiling your 


Sho) eel 5) (eo) ie 


Scrolling capability 


...and does it do all this for all versions of most popular programming languages? 


* If it does, Congratulations: you must be a HI-SCREEN XZ™ user! 
, e ff it doesn't, call or write NOW to order your.copy of HI-SCREEN xE™ | 


Softway, Inc., PG/Soft Product Line, 500 Sutter St. Ste. 222, San Francisco, CA 94102. Tel. (415) 397-4666. HI-SCREEN XL™ is $149.00. S&H $5.00 


for PASCAL, BASIC, C, COBOL, dBASE, FORTRAN, ETC... 
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Our thanks to NASA for supplying this same athaneed ultracet phon taken by Skylab IV of a solar prominence aS veaching out 350, 000 miles above the sun's surface 


What follows i is the time SORSUTIAG teak of giving 
form and function to the idea. 

That’s why we concentrate on building into our soft- 
ware development systems functions and features 
that help you develop your software ideas in less time 
and with less effort. 

We've started 1987 by releasing new versions of 
our MS-DOS, Macintosh, Amiga, ROM, and Apple // 
C development systems. Each system is packed with 
new features, impressive performance, and alittle bit 
more genius. 


Superior performance, a powerful new array of fea- 
tures and utilities, and pricing that is unmatched 
make the new Aztec C86 the first choice of serious 
software developers. 


Aztec C86-p Professional System ... .$199 
© optimized C with near, far, huge, small, and large 
memory + Inline assembler + Inline 8087/80287 + 
ANSI support + Fast Float (32 bit) + optimization 
options Manx Aztec 8086/80x86 macro assembler 
Aztec overlay linker (large/small model) * source 
level debugger @ object librarian ¢ 3.x file sharing & 
locking © comprehensive libraries of UNIX, DOS, 
Screen, Graphics, and special run time routines. 


Aztec C86-d Developer System ..... .$299 
© includes all of Aztec C86-p © Unix utilities make, 
diff, grep ° vi editor e 6 + memory models ¢ Profiler. 


Aztec C86-c Commercial System. .... $499 
@ includes all of Aztec C86-d ¢ Source for library rou- 
tines e ROM Support ¢ CP/M-86 support ¢ One year 
of updates. 


Aztec C86 Third Party Software 

A large array of support software is available for 
Aztéc C86. Call or write for information. The following 
is a list of the most requested products: Essential 
Graphics ° C Essentials ¢ C Utility Library e Green- 
leaf Com. ¢ Greenleaf General e Halo e Panel ¢ PC- 
lint e PforCe ¢ Pre-C * Windows for C ¢ Windows for 
Data C terp ° db Vista e Phact ® Plink86Plus ¢ C-tree. 


c corner 8080/80 aaeamnbier linker, radan, 
UNIX libraries, and specialized utilities. 


Aztec C Il-c (CP/M-80 & ROM)........ $349 
Aztec Cll-d(CP/M-80).........0005 $199 


Aztec C80 (TRS-80 3&4) ............ $199 


Amiga user groups across the USA voted Aztec 
C68k/Am release 3.3 the best Software Development 
System for the Amiga. Release 3.4 is more impres- 
sive. 


Aztec C68k/Am-p Professional ...... $199 
A price/feature/performance miracle. System in- 
cludes: optimized C ¢ 68000/680x0 assembler ¢ 
68881 support © overlay linker e UNIX and Amiga 
libraries examples. 


Aztec C68k/Am-d Developer ........ $299 
The best of Manx, Amiga, and UNIX. System in- 


H cludes: all of Aztec C68k/Am-p © the Unix utilities 


make, diff, grep and vi. 


Aztec C68k/Am-c Commercial....... $499 
Aztec C68k/Am-d plus source for the libraries and 
one year of updates. 


For code quality, reliability, and solid professional 
features, Aztec C for the Macintosh is unbeatable. 
This new release includes features and functions not 
found in any other Macintosh C development system. 


Aztec C68k/Mac-p Professional. .... .$199 
e MPW source level compatibility ¢ TMON, 
MACSBUG, AND MACNOSY support ¢ pow- 
erful symbolic debugger e optimized C e 
68000/680X0 assembler e 68881, EEE, and 
SANE support e overlay linker e UNIX and 
Macintosh libraries e mouse editor e examples 


Aztec C68k/Mac-d-Developer........ $299 
The best of Manx, Macintosh, and UNIX. System in- 
cludes: all of Aztec C68k/Am-p © the Unix utilities 
make, diff, grep e vi editor. 


Aztec C68k/Mac-c Commercial ...... $499 
Aztec C68k/Am-d plus source for the libraries and 
one year of updates. 


C65 — New ProDOS Rel 


Acie C65 is the ran commercial niialty Co com- 
piler for the Apple Il. Aztec C65 includes C compiler, 
6502/65C02 assembler, linker, library utility, UNIX li- 
braries, special purpose libraries, shell development 
environment, and more. An impressive system. 


Aztec C65-c Commercial........... $299 
® runs under ProDOS ° code for ProDOS or DOS 3.3 
Aztec C65-d Developer............. $199 


runs under DOS 3.3 ¢ code for DOS 3.3 


Manx Software Systems 
1 Industrial Way, Eatontown, NJ 07724 


oaacrt 


Genius Begins With A Great Idea ... 


An IBM or Macintosh is not only a less expensive 
way to develop ROM code, it’s better. Targets include 
the 6502/65C02, 8080/Z80, 8086/80x86, and 680x0. 

Aztec C has an excellent reputation for producing 
compact high performance code. Our systems for 
under $1,000 outperform systems priced at over 
$10,000. 


Initial Host Plus Target...........05 $750 

Additional Targets ...........0000 $500 

ROM Support Package............. $500 
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Call tor information on Vax, PDP-11, Sun ss other 
host environments. 


These C development systems are nabeuila fai 
the price. They are earlier versions of Aztec C that 
originally sold for as much as $500. Each system 
includes C compiler, assembler, linker, librarian, 
UNIX routines, and more. Special discounts are 
available for use as course material. 


C’ Prime 


Most Aztec C systems are available as cross devel- 
opment systems. Hosts include: PC/MS-DOS, Mac- 
intosh, CP/M, Vax, PDP-11, Sun, and others. Call for 
information and pricing. 


EiauicTa DAANAVAl An AStaacDililaai 
mow id secome F Zi@c u USel 


To become a user call 800-221-0440. From NJ or 
international locations call 201-542-2121. Telex: 
4995812 or FAX: 201-542-8386. C.0.D., VISA, 
MasterCard, American Express, wire (domestic 
and international), and terms are available. One 
and two day delivery available for all domestic and 
most international destinations. 

Aztec C is available directly from Manx and from 
technically oriented computer and software stores. 
Aztec Systems bought directly from Manx have a 30 
day satisfaction guarantee. 

Most systems are upgradable by paying the differ- 
ence in price plus $10. Site licenses, OEM, educa- 
tional, and multiple copy discounts are available. 


To order or for more information call today. 


Fafa a eo A ’ 
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In NJ orinfefdatonel call (201) 542- 2121 eTELEX: 4995812 


icine istered TM of Microsoft, Inc., CP/M TM DRI, HALO TM Media Cybernetics, PANEL TM Bounenil Computer Systems, Ltd., 
M PHACT Assoc., PRE-C, Plink-86, Plink-86 + , P-Force TM Phoenix, db Vista TM Raima Corp., 
ware, C-tree TM Faircom, Inc., Windows for C, Windows for DATA TM Creative Solutions, Apple Il, Macintosh TM Apple, Inc., TRS-80 
Radio Shack, Amiga TM Commodore Int'l, Unix TM AT&T, Vax TM DEC, Aztec TM Manx Software Systems. 


C-terp, PC-lint, TM Gimpel Soft: 
™ 
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QUIT DOING. 
GRUNT WORK. 


Let Greenleaf do it for you 
and set you free. 


C Program developers, 

stop slaving! 

Greenleaf libraries have the 
functions you need — already 
perfected and in use by winning 
program developers in major 
corporations such as IBM, EDS 
and GM. 


Between our Greenleaf Functions 
and Greenleaf Comm Library, we 
have over 340 functions on the 
shelf. Each one can save you 
time and effort. Money, too. 


Many C programmers have told 
us that, even if they only use one 
or two functions, our products 
easily pay for themselves: 


The Greenleaf Functions 

The most complete and mature C 
language function library for the 
IBM PC, XT, AT and close 
compatibles. Our version 3.0 
includes over 225 functions — 
DOS, disk, video, color text and 
graphics, string, time/date, 
keyboard, new disk status and 
Ctr1-Break control functions plus 
many more! 


The Greenleaf Comm Library 
Our 2.0 version is the hottest 
communications facility of its 
kind. Over 120 all new functions 
— ring buffered, interrupt-driven 
asynchronous communications. 


Call Toll Free 


1-800-523-9830 


In Texas and Alaska, call 


214-446-8641 


GREENI.EAI- 


rs eee 


Greenleaf Software, Inc. 
1411 LeMay Drive Suite 101 
Carrollton, TX 75007 
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If you need more than 2 ports, 
only Greenleaf gives you the total 
solution — boards, software, and 
complete instructions that enable 
you to build a 16-port 
communication system. 


And no matter how many ports 


you have, it’s virtually impossible = 


to lose information with multiple | 
file transfers. XMODEM, XON/ 
XOFF and Hayes modem 
controls are featured. 


We support all popular C 
compilers for MS DOS: Lattice, 
Microsoft, Computer 
Innovations, Wizard, Aztec, 
DeSmet and Mark Williams. 


Order today! 


Order a Greenleaf C library now. 
See your dealer or call 1-800- 
523-9830. Specify compiler 
when ordering. Add $8 for UPS 
second day air, or $5 for ground. 
Texas residents, add sales tax. 
Mastercard, VISA, P.O., check, 
COD. In stock, shipped next day. 


Greenleaf 

Comm Library v2.0 $185 
Greenleaf Functions v3.0 ° $185 
Digiboard Comm/4-II $315 
Digiboard Comm/8-II $515 


We also sell compilers, books and 
combination packages. 
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ast month I dis- 
[ Seatac » [ese how you 

can use data flow 
diagrams to guide you when doing top- 
down design. The goal of top-down de- 
sign is to produce a structure chart, 
documenting the modules you need and 
how they call each other. Your basic ap- 
proach is to grab the data flow diagram 
by one bubble and shake it hard. The re- 
sult is always a structure chart that im- 
plements the data flow with a minimum 
of modules and data interchange. 

The complexity of each module is 
harder to minimize. If a data transform 
maps to any module except the main, or 
topmost, it may have to retain private 
memory between calls. It’s not so bad if 
that private memory is mostly remem- 
bered data, such as a partially consumed 
buffer or a partially complete output 
screen. It can be much worse if that pri- 
vate memory contains nontrivial state in- 
formation. You are then in the business 
of writing a program with multiple pro- 
gram counters, each implemented in a 
different way. 

This month I want to explore further 
the methods for picking a good top and 
living with the consequences. Along the 
way, I will show how these methods re- 
late to an assortment of design disci- 
plines that have been put forth in the 
past. My goal is to show you how each of 
the older design disciplines is successful 


Data flow diagram with transaction center 


Figure 1. 


» ON PURPOSE 


By any other name 


By P.J. Plauger 


in dealing with certain classes of prob- 
lems. I also want to show you how the 
older disciplines all hang together, in 
terms of the various design methods I 
have been talking about in this column 
for the.past year or so. 


: ne of the most 
pales! SSS hee 
gram structures 


encountered in commercial programming 
is the transaction center. At a transaction 
center, input data is divided into a vari- 
ety of classes, each of which is handled 
by separate code. 

If you have to maintain a specialized 
data base, for instance, you may well 
conceive a single program that performs 
all data base accesses. The program 
reads a series of transactions, each of 
which contains a command plus any nec- 
essary additional data. At the very least, 
you need commands to create, delete, 
and read items in the data base. You 
may also want others. The transactions 
differ considerably, but all result in possi- 
ble changes in the data base and possible 
additions to the output report. 

How do you design a transaction-cen- 
tered program? First you recognize that 
the data flow diagram has a familiar 
shape. Figure 1 shows a data flow dia- 
gram with an obvious transaction center. 
Transactions are distilled from the input, 
then divided into a.number of separate 


Figure 2. 


streams. Each of these streams performs 
a series of distinct transformations, but 
all results are merged to produce a com- 
mon output. 

If you grab the data flow diagram by 
the bubble that separates the transac- 
tions, then you get the classic transform- 
centered structure chart shown in Figure 
2. The main module obtains transactions 
and fans out control to one of a group of 
subfunctions to perform each transac- 
tion. These subfunctions in turn call 
upon a small group of common action 
functions. 

All data base operations, for instance, 
can be implemented in terms of atomic 
functions that insert, delete, and read 
items. The net result is that the structure 
chart fans in at the bottom to just those 
functions that define the interface to the 
data base or produce the output report. 

E. Yourdon and L. Constantine discuss 
transaction centers at length in their 
book, Structured Design. They refer to 
an even older transaction technique with 
the acronym SAPTAD. I always forget 
what the SAP stands for, but the TAD 
reminds you to address in turn all the 
transactions, their actions, and the resul- 
tant details. If the most interesting part 
of your program is a transaction center, 
then SAPTAD tells you how to elaborate 
the design. 

A transaction center is at its best when 
it encapsulates information. If you pro- 


Structure chart from Figure 1 
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Lattice 
C-FOODS 


pie pirat op, 


Our software comes with something 
no one else can offer. 


When you join the Lattice family 
of customers, you'll discover that 
your software purchase is backed 
by more than just an excellent 
warranty. It’s backed by unparal- 
leled technical support. By a total 
commitment to your success and sat- 
isfaction. And by Lattice’s dedication 
to excellence in products and services. 


Unlike other software manufacturers 


who charge you for services after you’ve- 


purchased their product, Lattice offers 
a unique package of support programs 
at a price we can all live with—FREE. 


Lattice Bulletin Board Service 
LBBS is our 24-hour a day bulletin 
board system that allows you to obtain 
notification of new releases, general 
information on Lattice products, and 
programs for the serious user. And if 
you've ever experienced the frustration 
of having to wait a year or more for 
anew release (that has corrected a 
bug), you'll really appreciate LBBS. 
Because with this service, you can 
actually download the latest program 
fixes to instantly eliminate any bugs 
discovered after release. 


Lattice Service. 


Technical Support Hotline 
Responsible, dependable and capable 
Support Representatives are only a 
phone call away. You will talk to a highly 
skilled expert who is trained to answer 
any questions you have relating to 
specific Lattice products. Remember, 
your complete satisfaction is our goal. 


McGraw-Hill BIX™ Network 
The Byte Information Exchange (BIX) 
Network is a dial-in conference system 
that connects you with a Special Interest 
Group of Lattice users. The nominal 
one-time registration fee allows you 
to BIX-mail your questions—via your 
modem—directly to Lattice. Or you 
can post your questions in the con- 
ference mode for Lattice or other users 
to answer. Once again, you have 
24-hour access. 


You Also Receive: 

® Timely updates and exciting 
enhancements ® 30-day, money- 
back guarantee ® Lattice Works 
Newsletter ® Technical Bulletins 
= Access to Lattice User Groups 


Lattice has developed more than 50 
different Microcomputer software tools 
that are used by programmers world- 
wide. We were there for every MS-DOS 
release. We're there now for OS/2. And 
we'll be there for the next generation 
of technical changes. But most of all, 
Lattice is there for you. 


“ee Lattice, Incorporated. 
“ee 2500 S. Highland Avenue 


Lombard, IL 60148 


Phone: 800/533-3577 


e 
Lattice In Illinois: 312/916-1600 


Subsidiary of SAS Institute Inc. 


Available through dealers and 
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vide a complete set of operations for ac- 
cessing your data base, for instance, then 
no other program need know the internal 
structure of the data base. In fact, no 
other program should know the internal 
structure. Otherwise, you have greater 
maintenance problems when you (inevi- 
tably) alter the structure of the data 
base. 

A transaction center is less useful if 
the commands are a hodgepodge or if 
there is no information to hide. Back in 
the days of batch programming and the 
early days of timesharing, there was a 
strong tendency to write large, monolith- 
ic programs. The mind-set was that it 
cost so much superstructure.to build any 
program and so much intellectual energy 
to start a program running that you may 
as well get your money’s worth. Many 
programs became transaction centers just 
to handle the myriad alternatives you 
might want to handle in conjunction with 
the specific business of the program. 

Now that we have better support for 
reusable modules, it’s easier to write a 
suite of small programs that share com- 
mon access modules for a given data 
base. And now that we have user-cordial, 
if not user-friendly, operating systems, 
it’s easier to run a program to do just one 
transaction and then exit. That’s not to 
say that transaction centers are a thing 
of the past but they do seem to be more 
wisely employed these days. 


talked at some 
waiaaaass >> [ length last month 

about how to im- 
plement a data transform when it ap- 
pears in different places in the structure 
chart. It is certainly easiest to make a 
data transform in a main module. You 
can directly apply the methods of right- 
to-left design (“Generating data,” COM- 
PUTER LANGUAGE, Sept. 1986, pp. 
15-19), left-to-right design (“Recogniz- 
ing input,” Parts I and HI, COMPUTER 
LANGUAGE, Nov. 1986, pp. 15-19, and 
Dec. 1986, pp. 13-16), and outside-in de- 
sign (“Marrying data structures,” COM- 
PUTER LANGUAGE, May 1987, pp. 
17-22, and “Divorcing data structures,” 
COMPUTER LANGUAGE, June 1987, 
pp. 19-24). It is always possible to make 
a data transform into either an input or 
output module. To do so, however, you 
have to modify the straightforward struc- 
ture of the module as main module. 
That’s not always easy. 

Let’s look at the simplest case first. 

You can write a generic data transform 
as: 


WHILE (more_input) 
getlinput) 
transform(input, output) 
put(output) 


That’s how it reads as a main module. 
If it appears on the input leg of the 
structure chart, however, you must alter 
it to look like this: 


get_transformed() 
getlinput) 
transformlinput, output) 
RETURN (output) 


The main module becomes a function 
that returns a generated output datum. 
Wherever you had to output a datum in 
the main module, you replace the output 
statement with a RETURN statement 
that returns the latest generated value. 

On the other hand, if the module ap- 
pears on the output leg of the structure 
chart, you must alter it to look like this: 
put_transformed|input) 

transform(input, output) 

put(output) 


The main module becomes a function 
whose argument is an input datum. 
Wherever you had to obtain more data in 
the main module, you return control to 
the caller. 

Looks simple, doesn’t it? Then let’s try 
a more difficult case. 

A variation of the transaction center is 
the merging central transform, in which 
two or more data streams must be 
merged to produce a stream that is fur- 
ther transformed. Figure 3 shows a data 
flow diagram with a merging central 
transform. 

On more than one occasion I have de- 
scribed the classic master file update, in 
which you merge a sorted stream of 
transactions with a sorted sequential file 
of master records. You then do one of 
three things: 
milf no transaction matches a master rec- 
ord, you copy the master record 
unchanged. 
mlf no master record matches a transac- 
tion, you create a new master record 
from the transaction (or generate an er- 
ror report if the transaction does not call 
for a record to be created). 
wlf a transaction matches a master rec- 
ord, you apply the transaction to produce 
an updated master record (which may be 
the same as the original record if the 
transaction is merely an inquiry). 

Here again is a main module that does 
the merge: 


readiT) 
read(M) 
WHILE (more_T AND more_M) 
IF (T.key < M.key) 
update (T, NULL) 
read(T) 
ELSE IF (T.key = M.key) 
update(T, M) 
read(T) 
ELSE {M.key < T.key} 


update(NULL, M) 
read(M) 

WHILE (more_T) 
update(T, NULL) 
read(T) 

WHILE (more_M) 
update(NULL, M) 
read(M) 

update(NULL, NULL) 


The actual update is performed by the 
function update(), which accepts a 
NULL argument in place of either the 
transaction or the master record. When 
both arguments are NULL, update() 
knows to drain any buffered output, 
since no additional input remains. 

Note that when a transaction matches 
a master record, a new master record is 
not immediately obtained. This supports 
the very reasonable possibility that mul- 
tiple transactions may be applied to the 
same master record. 


- ow that we 
i » rene eat bias 
a merge as a 


main module, let’s look at another form. 
If we decide to put the merge on the in- 
put leg of the structure chart, then we 
must alter the control flow along the 
lines of the simpler example just given. 
Every time the main module calls up- 
date() to output something, the input 
function must return to the caller. Every 
time the input function is called again, it 
must pick up where it left off. The result 
is certainly messier than the simple ex- 
ample, but it can be done. 

There is even a fairly straightforward, 
if inelegant, way to do it. You should rec- 
ognize this as a module that must retain 
its own program counter, to keep track of 


Data flow diagram with 
central merge 


waeere 
ae 


Figure 3. 
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where it is in the combined data struc- 
ture that it must track. In other words, 
you must turn the module into a finite- 
state machine. We covered how to do 
that using bottom-up design (“Finite- 
state machines,” COMPUTER LAN- 
GUAGE, Oct. 1986, pp. 15-19). 
Assuming you can program in a lan- 
guage sufficiently tolerant to permit GO- 
TOs into blocks (C is such a language, 
sadly), you can simply write: 


get_pair() 
STATIC pc := O 
GOTO pc 


read(T) 
read(M) 
WHILE (more_T AND more—M) 
IF. (T.key < M.key) 
pc := 1 
RETURN (T, NULL) 


read (T) 

ELSE IF (T.key = M.key) 
pc := 2 
RETURN (T, M) 


readiT) 

ELSE {M.key < T.key} 
pe := 3 
RETURN (NULL, M) 


read(M) 
WHILE (more_T) 
pe := 4 
RETURN (T, NULL) 


readiT) 
WHILE (more M) 
pe := 5 
RETURN (NULL, M) 


read(M) 
pe := 6 


RETURN (NULL, NULL) 


The STATIC variable pc is set to its 
assigned value at program startup. After- 
ward, its current value is remembered 
between calls to the function. (The last 
label is not misplaced. Why do you think 
it has been moved up?) 

This approach is moderately ugly, as I 
warned, but it does the job. With a bit 
more work, you can make the more rea- 
dable transformation: 


get_pair() 
STATIC state := NEED_TM 


IF (state = NEED_TM) 
readiT) 
read(M) 

ELSE IF (state = NEED_T) 
read(T) 

ELSE IF (state = NEED_M) 
read(M) 

{ELSE 
nothing to read} 


IF (more_T AND more_M) 

IF (T.key < M.key) 
state := NEED_T 
RETURN (T, NULL) 

ELSE IF (T.key = M.key) 
state := NEED_T 
RETURN (T, M) 

ELSE {M.key < T.key} 
state := NEED_M 
RETURN (NULL, M) 

ELSE IF (more_T) 
state := NEED_T 
RETURN (T, NULL) 
ELSE IF (more_M) 
state := NEED_M 
RETURN (NULL, M) 
ELSE 
state := DONE 
RETURN (NULL, NULL) 


I won’t show you how the merge looks 
as an output module. You might try your 
hand at it to see if you understand what’s 
going on here. 

The point I want to demonstrate is 
that the merge gets noticeably messier 
when you make it something other than 
a main module. There is a straightfor- 
ward, almost mechanical, way to trans- 
form the module, but the result is 
noticeably less readable. There are cre- 
ative ways to transform the module and 
keep it readable, but creativity requires 
work without guidance. 

Most people who preach the use of 
data flow diagrams as design aids tell 
you simply that a merge point should be 
at the top of the hierarchy you derive. 
You grab the data flow diagram by the 
transform center and shake it out. Per- 
haps now you can see why this is almost 
always a good idea. You can also see 
when it might not be a good idea: 
mlf your data flow diagram has more 
than one transform center, you must ei- 
ther make one the boss or introduce an 
artificial coordinator. 
mlf your data flow diagram has a data 
transform that is even more difficult to 
structure than the transform center, you 
may be better off making that the main 
function. 

Michael Jackson (not the singer) talks 
quite a bit about this process of restruc- 
turing modules that cannot be main 
modules. He calls this restructuring pro- 
gram inversion, which is reasonably de- 
scriptive. He also believes strongly in 
what I call right-to-left design, or letting 


your output data structure your program. 


Curiously enough, Jackson pays less 
attention to left-to-right design or letting 
your input parse structure your program. 
But he also teaches quite a bit about 
marrying data structures and resolving 
structure clashes, the yin and yang of 
outside-in design. Perhaps now you can 
see why Jackson’s overall approach is of- 
ten successful. 
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ackson’s approach 
mena! >> J is, of course, not 

fruitful for some 
design problems. That’s OK because no 
method is always relevant. There is, how- 
ever, a class of relevant programs for 
which program inversion breaks down. 

So far, the most complicated problem 
I’ve shown requires that only a single 
module be inverted. That is to say, an in- 
put module has all of its output state- 
ments in the module proper, so these can 
simply be turned into RETURN state- 
ments. Equally, an output module also 
has all of its input statements in the 
module proper, so these can also simply 
be turned into RETURN statements. 

But what happens if the transform is 
sufficiently complex that several modules 
participate in the input (or output)? If 
an input module calls a submodule to 
generate part of the output, youcan’t 
just have that submodule return control 
to the original caller. You must also pro- 
vide some way to have the next call get 
control back where you left off in the 
submodule. I’m not saying you can’t 
write it—the biggest problem with pro- 
gramming is that you can do anything. 
You just end up with something that’s 
hard to write, read, and maintain, that’s 
all. 

The machinery for handling this par- 
ticular control problem has been invented 
several times. What you need is the abili- 
ty to write coroutines. A program struc- 
tured into coroutines has multiple control 
stacks, one for each thread of control. 

When one coroutine calls or cocalls 
another, your program stacks the current 
state of the caller, just as on a normal 
call. But it then switches to the saved 
control stack of the callee so that it can 
pick up right where it left off, after its 
last cocall. With coroutines, you can in- 
deed return to a caller from within a 
submodule, then get control back at that 
point on the next cocall. 

Only a few modern languages support 
coroutines, and none of the widely used 
ones do. Ada has machinery that sup- 
ports coroutines, after a fashion, but then 
Ada has a little bit of everything. There 
are serious problems in implementing 
coroutines, problems that can only be 
solved by consuming program space for 
multiple stacks and/or execution time 
for switching more elaborate contexts. It 
is little wonder that languages supporting 
coroutines have seldom proved competi- 
tive with simpler ones. 

An operating system that supports 
multiple processes, however, has almost 
all the machinery needed to implement 
coroutinés. At the risk of being tiresome, 
I point out yet again that the UNIX 
pipeline mechanism is just the added bit 
you need to finish the job. All the popu- 


lar UNIX shells (command interpreters) 
make it easy for you to type a line of text 
that starts up two or more autonomous 
processes linked together by their stan- 
dard data streams. If you can afford the 
time overhead of communicating via 
pipelines, UNIX hides the complexity for 
you. 

You can even implement coroutines on 
single-thread systems, if the total pro- 
gram need not be interactive—that is, if 
you don’t need to obtain the first output 
before the last input is read. Even a sys- 
tem as simple as PC-DOS lets you speci- 
fy pipelines, just like UNIX. The only 
difference is that PC-DOS runs the first 
program in the pipeline to completion, 
saving its output in a temporary file on 
disk. It then runs the next program in 
line, feeding it input from the temporary 
file. After the second program termi- 
nates, the temporary file is quietly dis- 
carded. If you can afford the pipeline 
overhead, extra demands on disk space, 
and noninteractive behavior, you’ve got 
coroutines. 


here is nothing 
pause new about using 
data flow dia- 


grams to guide top-down design. What 
may be new is the realization that top- 
down design needs some guiding princi- 
ple to make it a design method rather 
than just a good idea. 

There is nothing new about choosing 
the central transform in a data flow 
when picking the top module for a struc- 
ture chart. What is new is a more de- 
tailed understanding of the forces that 
favor choosing the central transform. 
And there is nothing new in the technol- 
ogy for inverting modules that cannot be 
at the top of the structure chart. What is 
new is a realization that inversion has 
several degrees of difficulty: 
wit can be so easy that you hardly notice 
you’re doing it. 
wilt can be hard enough to require a me- 
chanical transformation to a finite-state 
machine. 
wilt can be so hard that only coroutines 
do the job properly. 

I end by emphasizing that top-down 
design is one of the most powerful ap- 
proaches to designing programs. Despite 
all my disparaging remarks, I use it fre- 
quently and encourage you to do the 
same. Just remember that there are two 
difficulties in practicing top-down design: 
finding the right top and working your 
way down to the bottom. 

Otherwise, it’s a snap. JF 


P.J. Plauger has coauthored several pop- 
ular textbooks with Brian Kernighan, in- 
cluding The Elements of Programming 
Style and Software Tools in Pascal. He is 
secretary of X3J11, the ANSI C stan- 
dard committee, and convenor of the 
ISO C standard committee. He is also 
the president of Whitesmiths Ltd. 
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Printer, DOS, BIOS ,-Memory 
management, Communications, 
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Others: IQ LISP ($155), IQC LISP ($269) 


Al Prolog 


APT.- Active.Prolog Tutor - build 


applications interactively PC $ 49 
ARITY Prolog - Interpreter PC $ 229 
COMPILER/Interpreter-EXE PC $ 569 


Standard Prolog MS $ 77 
MicroProlog - Prof. Entry Lev. MS $ 85 
MicroProlog Prof. Comp./Inter. MS $ 439 
MPROLOG P550 
Prolog-86 - Learn Fast MS $ 89 
Prolog-86 Plus - Develop MS $ 229 
TURBO PROLOG by Borland PC $ 69 
Turbo Prolog Toolbox PC $69 


Basic 


Finally - by Komputerwerks PC 
Mach 2 by MicroHelp Be 
QBase - by Crescent Software ie 
-QuickBASIC 


FEATURES | 


Periscope III - debugger with 64K 
protected RAM and breakout switch; 

_ breakpoints for hardware, memory, 
port, data. Real-time trace buffer, 
pass counter. PC $ 829 


CxPERT - Expert systems 
shell, translates to C code to 
integrate with your application. 
Certainty factors, explanations, 
inheritance, frames, help. MS $ 295 


BAS_C - economy S $ 179 
BAS_PAS - economy ne $ 135 
Basic Development System REGS a05 
Basic Development Tools PC $ 89 
Basic Windows by Syscom PCxea95 
BetterBASIC PC $ 129 
Exim Toolkit - full RE : 39 

$ 

$ 

C$ 


‘Programmers at Work” — FREE 


This fascinating book from Microsoft features inter- 
views, biographies, code doodles — a detailed look 
at the backgrounds, philosophies, and working 
styles of 19 of today’s most influential program- 
mers; Jonathan Sachs, Dan Bricklin, Bill Gates, and 
C. Wayne Ratliff among them. NOW you can get 
“Programmers at Work” as a bonus from The Prog- 
rammer’s Shop. Just call our toll-free number and 
place your order totaling $250 or more and you'll re- 


ceive this incredible book (regularly $14.95) FREE! 


Our Services: 
+ Programmer’s Referral List + Dealers Inquire 
* Compare Products + Newsletter 
+ Help find a Publisher + Rush Order 
+ Evaluation Literature FREE * Over 700 products 
+ BBS-7PMto7AM617-740-2611 * National Accounts Center 


Quick Pak-by Crescent Software PC $ 65 
Turbo BASIC - by Borland PC $ 69 


Cobol I/Q - query, report, graphs PC $ 539 

Microfocus Professional Cobol PC $1699: 

VS Workbench 

Microsoft COBOL MS $ 439 

Microsoft Cobol Tools 
Personal COBOL 

Realia - very fast MS $ 819 

Ryan McFarland COBOL MS Call 

COBOL-85 MS Call 

Screenplay - screen mgmt. PC $ 129 


C Libraries-Communications 


Asynch by Blaise PE 1125 
Essential Comm Library PC $ 125 
With Debugger PC $ 189 


Multi-Comm - add multitasking PC $ 135 


dBASE Language 


Clipper compiler Ber Call 
dBASE II MS $ 329 
dBase III Plus PC $ 429 
dBASE III LANPack PC $ 649 
DBXL Interpreter PC $ 139 
FoxBASE+ - single user MS $ 349 
QuickSilver by Word Tech PC $ 499 


dBASE Support 


dBase Tools for C Pe $" 65 
dBrief with Brief P@ Gall 
dBC ISAM by Lattice MS Call 
dFlow - flowchart, xref MS Call 


Documentor - dFlow superset MS = Call 
Genifer by Bytel-code generator MS $ 299 
QuickCode III Plus. MS $ 239 
Tom Rettig’s Library PES. 89 
UI Programmer - user interfaces PC $ 249 


Editors for Programming 


BRIEF Programmer’s Editor PC Call 
EMACS by UniPress Source: $895 $ 265 


Epsilon - like EMACS PC $ 149 
KEDIT - like XEDIT PC $ 99 
Micro Focus Micro/SPF PE S139) 
PC/EDT - macros PC $ 229 
PC/VI - by Custom Software MS $ 109 
Personal REXX PC $ 99 


PMATE - power, multitask PC $ 109 
SPF/PC - fast, virtual memory PC $ 189 
Vedit MS $ 99 
Vedit PLUS MS $ 129 
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TP2C - Translate Turbo Pascal to 
formatted K & RC (proposed ANSI 85 
standard). Include files, in-line 
code, nested procedures, 95 + % 
successful conversion PC $ 219 


-C Language-Compilers 


AZTEC C86 - Commercial PC $ 499 
C86 PLUS - by CI MS $ 379 
Datalight C - fast compile, good code, 

4 models, Lattice compatible, 


Lib source. Dev’rs Kit PC $ 77 
Datalight Optimum-C MS $109 

with Light Tools by Blaise PC $168 
Lattice C - from Lattice MS $269 
Let’s C Combo Pack PC $ 99 
Let’s C PC $ 57 
Microsoft C 4.0- Codeview MS $275 


Rex - C/86 - standalone ROM MS $695 


Turbo C by Borland PC $ 69 
Uniware 68000/10/20 Cross 
Compiler by SDS MS Call 


C Language-Interpreters 


C-terp by Gimpel - full K & R MS $219 
C Trainer - by Catalytix PC $ 89 
INSTANT C - Source debug, 

Edit to Run-3 seconds, .OBJs MS $369 


Interactive C by IMPACC Assoc. PC $209 
Run/C Professional MS $155 
Run/C Lite MS $ 79 


C Libraries-General 


Blackstar C Function Library PC $ 79———~* 
C Function Library MS $109 
C Tools Plus (1 & 2) - Blaise PC $119 
C Utilities by Essential PC $119 


C Worthy Library - Complete, machine 


independent MS $249 
Entelekon C Function Library PC $119 
Entelekon Superfonts for C PC $ 45 


Greenleaf Functions-portable, ASM $139 
LIGHT TOOLS by Blaise PC $ 69 


C Libraries-Files 


C Index by Trio MS $ 89 
/File is object only MS $ 89 
/Plus is full source MS $319 

BTree by Soft Focus MS $ 69 


CBTREE - Source, no royalties MS $ 99 
CTree by Faircom-noroyalties MS $315 
rtree - report generation PC $239 
dbQUERY - ad Loc, SQL - based MS $129 
dbVISTA - full indexing, plus optional 
record types, pointers, Network. 
Object only - MS C, LAT, C86 $129 


Source - Single user MS $389 
Source - Multiuser MS $799 
dBx - translator MS $299 
w/source to library MS $429 


FEATURE 


SSP/PC - fast math subroutine library 
in C and Assembler for C, Fortran, 
Pascal, and BASIC. 145 + routines 
include trig, elementary, hyperbolic, 
and gamma; chi square, polynomials, 
more. 8087 Support. PC $269 


THE PROGRAMMERS SHOP 


provides complete information, advice, guarantees and every product for Microcomputer Programming. 


— C Tools — 
SPECIAL PRICES 


Order before August 31, 1987, and 
mention this ad for these 
SPECIAL PRICES: 


List Normal SPECIAL 
ctree by Faircom $395 $315 $279 
These tools at right represent 1000’s of hours of Greenleaf Function Library $185 $139 $109 
development effort. They’re also among the most Communications Library $185 $129 $109 
stable and popular tools we sell. Choose the ones Data Windows $225. $159 = $139 
that fit your application, and give your productivity C Index + - stable, tested 
a boost. In doubt? Call one our C Specialists B+tree $395 $319 $289 
today. Halo by Media Cybernetics $300 $209 $189 
C Support-Systems Fortran & Supporting 
Advantage C+ + PC $479 50:More FORTRAN PE $ 95 
C Sharp - realtime, tasks. PC $495 ACS Time Series MS $399 
C ToolSet - DIFF, xref,source MS $ 89  Forlib+ by Alpha MS $ 59 
The HAMMER by OES Systems PC $129 I/O Pro - screen development PC $129 
Lattice Text Utilities MS $ 89 MACFortran by Microsoft | MAC $229 
Multi-C - multitasking PC $135 MS Fortran = 4.0, full 77° MS $279 
PC LINT-Checker. Amiga $89 MS $ 99 No Limit - Fortran Scientific | PC $109 
Pfantasy Pac - by Phoenix PC $619 PC-Fortran Tools - xref, pprint PC $165 
PforCe + + PC $239 RM/Fortran MS Call 
Pre-C - Lint-Like MS $155 Scientific Subroutines - Matrix MS $129 
Quickshell - script compiler PC $349 F rt 
RR een oncr mee Multilanguage Suppo 
SECURITY LIB - Source $229 PC $115 BIRIEVE ISAM — MS $185 
Timeslicer PC $265 BTRIEVE/N-multiuser MS $455 
with library source PC $895 Flash-Up Windows ; PC $ 79 
: 5 GSS Graphics Dev’'t Toolkit PC $375 
C-Screens, Windows, Graphics HALO Development Package MS $389 


C Power Windows by Entelekon PC $109 
Curses by Aspen Scientific PC $109 
Curses by Lattice PC $ 89 
dBASE Graphics for C PC $ 69 
ESSENTIAL GRAPHICS - fast PC $185 
GraphiC - new color version PC $285 
Greenleaf Data Windows PC $159 

w/source PC $289 
LightWINDOWS/C-for Datalight CPC $ 79 


Multi-Windows - use w/ Multi-C PC $295 


Screen Ace Form Master PC $195 
Vitamin C - screen I/O PC $159 
Windows for C - fast PC $189 


Windows for Data - validation PC 
View Manager - by Blaise PE 
ZView - screen generator MS 


Debuggers 


386 Debug - by Phar Lap PC $129 
Breakout - by Essential PC $ 89 
CODESMITH - visual RE $99 
C SPRITE - data structures PC $119 
- Periscope I PC $289 
Periscope II PC $139 
Periscope II-X PC $105 
Pfix-86 Plus - by Phoenix PC $229 
Turbo TDebug PE.$255 
Showcase - test software PC $125 


SoftProbe II - embedded systems PC 


FEATURE 
C Scape II - by The Oakland Group. New 
version includes screen editor, still 
captures Dan Bricklin screens. Auto data 
array handling, horizontal scroll. PC $279 


a HOURS 


8:30 AM - 8:00 PM EST. 


Informix 4GL-application builder PC $789 
Informix SQL - ANSI standard PC $639 


NET-TOOLS - NET-BIOS PC $129 
Opt Tech Sort - sort, merge MS $ 99 
PANEL MS $215 
Pfinish - by Phoenix MS $229 


PolyBoost - speed I/O, keyboard PC $ 69 
Prime Factor FFT - 8087/287 PC 
PVCS Corporate-source control MS 


PVCS Personal MS $109 
QMake by Quilt Co. MS $ 79 
Report Option - for Xtrieve MS $109 
Screen Machine PE $59 
Screen Sculptor PC $95 
SRMS - new version MS $159 
Synergy - create user interfaces MS $375 
VXM - multi-env. link MS $195 
Xtrieve - organize database MS $199 


ZAP Communications - VT 100 PC 
Pascal and Supporting 


ALICE - learn Pascal PC $ 49 
Exec - Chain Programs MS $ 79 
MetaWINDOWS-graphics toolkit 
bit-mapped, fast PC $115 
MetaWINDOWS PLUS PC $185 
Microsoft PASCAL - faster MS $189 
Pascal Pac with Tidy PC $ 49 
Pascal Tools PLUS PC $119 


Pascal 2 - by Oregon Software MS 
Turbo Extender by Turbo Power PC 
TurboHALO - 150 routines PE 3299) 


DataBase & File Management 


DataFlex by Data Access PC $ 899 
Dataflex multiuser PC $1149 
VP-Info - dBASE-like PCS aS 


Call for a catalog, literature, advice and service you can trust 


800-421-8006 
Your complete source for software. services and answers 


5-L Pond Park Road, Hingham, MA 02043 
Mass: 800-442-8070 or 617-740-2510 6/87 
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RECENT DISCOVERY 


C Worthy Interface Library - Complete, 
tested human interface for MS C, Lattice 
or Turbo C. Full screens, Windows, 

DOS, Error handling, Menus, we 
Source separate, no royalties. $ 249 


Other Languages 


APL*PLUS/PC 

CCS Mumps - Multiuser 
Microsoft MASM 
Modula-2 Apprentic Pkg. 


F 
& 
N 
Ne} 


PC 
MS 
Pe 


359 


$ 

$ 

$ 
Modula-2 Wizards Package PC $. 169 
Pasm - by Phoenix MS $ 109 
PC Forth+ - by Lab Micro PC $ 199 
Smalltalk/V MS $ 85 
SNOBOL4 + - - great for strings Me $ 80 
UR/Forth S$.279 


Basic - by Microsoft $ 209 
C-Terp by Gimpel Software $ 379 
Cobol - by Microsoft $ 609 
Cobol Tools - by Microsoft $ 319 
Fortran or Pascal - by Microsoft $ 419 
Foxbase + $ 689 


Panel $ 535 
Real-Tools - $ 89 
RM/Cobol or RM/Fortran Call 
Xenix Complete System $ 999 
Xenix Development System $ 499 


Other Products 


386 Assembler/Linker PC $ 389 
Advantage Link P@3$359 
ASMLIB - 170+ routines PC $ 125 
asmTREE -B +tree filemgmt. PC $ 339 
Back-It - flexible, fast PESSHESo 
Dan Bricklin’s Demo Program PC $ 59 
Disk Technician - smart disk 

upkeep PC $ 89 
Help/Control - on line help RCTS 299 
Interactive Easyflow-HavenTree PC $ 125 
Link & Locate - Intel tools MS $ 329 
LMK - like UNIX make MS $ 139 
Microsoft Windows PC $ 69 
Software Development Kit PC $ 319 
MKS Toolkit - Unix, vi, awk PC $ 99 
Norton Commander RE $55 
Numerical Analyst by Magus PC $ 269 
PLink - 86 PLUS - overlays MS $ 299 
Polymake by Polytron MS $ 109 
PolyShell by Polytron MS $ 109 
PolyXREF by Polytron JBC Be) 
PMaker - by Phoenix RES a9 
Quelo 68000 X-ASM PC $ 509 
Sapiens V8 - 8M virtual mgr. PC $ 269 
Source Print - by Aldebaran PC $ 60 
‘Taskview - ten tasks PES 55 
Tree Diagrammer PC $ 45 
Visible Computer: 8088 B@ES65 
Xtree - classic graphic tree PC $ 45 


Note: Mention this ad. Some prices are specials. Ask about COD 
and POs. Formats: 3” laptop now available, plus 200 others. UPS 
surface shipping add $3/item. All prices subject to change without 
notice. 


“T like your straightforward, open evaluations, 
comments and selection.” 


Chris Chapman 
Practical Solutions Software 


What Pascal did for his dad, 
we can do for you. 


In 1644, 19-year-old Frenchman Blaise Pascal devised 
one of the first mechanical calculators to help his 
father with time-consuming tax computations. 
Called the Pascaline, it was the size of a shoe box and 
used numbered dials to process numbers up to 
999,999,999. Pascal’s idea represents what Lifeboat 
is all about: Developing tools that enable you to do 
your job faster and better than ever —and help you 


make your own mark on history. J LETRA AT 


Get more pluses with 
new ADVANTAGE C+ +. 


Expand your programming capa- 

bilities with C++, the object-ori- 

ented language ADVANTAGE 

from AT&T that C++" 

gives you all the 

benefits of C without its limitations. 

Our enhanced ADVANTAGE C++ 

is the only full C++ implementa- 

tion available. 

¢ Develop large and complex pro- 
grams with greater resilience, 
fewer bugs. 

¢ Fully compatible with your exist- 
ing C programs and libraries. 

e Code is more reliable and main- 
tainable. 

° Fully tested and documented. 

¢ Small to large memory models. 

¢ Microsoft Windows compatible. 

¢ Available for Microsoft and Lattice 
C compilers: MS-DOS and XENIX 
operating systems. 


Now your programs can do 
more than one task at once. 


TimeSlicer is a linkable library of 
C functions to create multitasking 


and real-time TimeSlicer 
programs at the 


application level rather than inter- 
facing with the operating system. 
° Highly efficient — 10,000 context 


INTERNATIONAL SALES OFFICES 
Australia/New Zealand: 

MOS Computer Software/ 

Charlton Distributors 

Auckland (09) 766-361 

Canada: Scantel Systems 

Toronto (416) 449-9252 

Denmark: Ravenholm 

Copenhagen 288-7249 


England: Grey Matter, Ltd. 
Devon 364-53499 

System Science, Ltd. 

London (01) 248-0962 

France: Compusol 

Paris 14 530 0737 

Italy: Lifeboat Associates Italia 
Milan 02-464601 


switches/second; 80 micro seconds 
interrupt latency. 

¢ Unlimited number of tasks can be 
run concurrently. 

¢ Create, suspend or terminate tasks 
at run-time. 

¢ Supports large and small memory 
models; preemptive and non-pre- 
emptive modes; waking-up of 
tasks to optimize special event 
processing; and interrupt service 
routines written in C. 

¢ Extensive intertask communica- 
tion capability. 

¢ Compatible with Lattice C, Micro- 
soft C, ADVANTAGE C++ and as- 
sembly language. 


Design advanced graphics 
for today’s applications. 


ADVANTAGE Graphics gives you 
the expanded graphics capabilities 


and functionality ADVANTAGE 


required for to- 
day’s sophisti+ Graphics™ 


cated programming needs. 

¢ Easily create multi-window and 
other object-oriented applications. 

* Realistic, typeset-style graphics. 

e Access all levels of the graphics 
system. 

¢ Full and complete clipping of all 
graphic elements and text. 

e Predefined and user-defined line 
styles, fill patterns and cursors. 


EIU risi 


¢ Create and instantly switch be- 
tween multiple on- or off-screen 
graphic windows. 

¢ Supports global, local and virtual 
coordinate reference frames. 


ADVANTAGE 386 C™ and ADVANTAGE 
386 Pascal™ —Two compilers generating 
32-bit protected-mode code for the 80386 
under MS-DOS. 


ADVANTAGE Disassembler™ — Lets 
you disassemble object code into source 
code and make changes to fit your needs. 


ADVANTAGE Make™ — The best-docu- 
mented MAKE utility available; feature- 
packed MS-PC/DOS version of UNIX 
MAKE facility. 


PANEL Plus — A powerful, interactive 
tool that makes screen design as easy as 
writing with a word processor. 


QuickScreen™ — A full-featured, time- 
saving screen design program that re- 
quires no written code. 


RUN/C Professional — Powerful C inter- 
preter featuring loadable libraries and 
advanced debugging. Now with Micro- 
soft 4.0 compatibility. 


Call 1-800-847-7078 


In NY: 914-332-1875 
or see your local 
Lifeboat Affiliated Dealer 


55 South Broadway, Tarrytown, NY 10591, Telex #510-601-7602 


Japan: Lifeboat, Inc. 
Tokyo 03-293-4711 
SATT Software 
Tokyo 03-295-3390 


Amsterdam 020-10 69 22 
Spain: Micronet, S.A. 
Madrid 1-262-3304 
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Netherlands: SCOS Automation BV 


Switzerland: Euro-Link 
Willisau 4145 813 514 
West Germany: 

MEMA Computer GmbH 
Frankfurt 069-347226 
Omnitex 

Rheinfelden 07623/61820 


“mi gn Palo Alto, Calif., 
| Page Mill Road 
saa. Set rea runs east-west. 

Exit from Highway 101, the main artery 

of Silicon Valley, and go west on Page 

Mill. Keep going past the green lawns of 

town, past Hewlett-Packard, out beyond 

the Wall Street Journal building. Just 
before you start to climb into the Santa 

Cruz mountains, the last ridge before the 

Pacific, take a left. 

Out there, on the fringe, is the Kestrel 
Institute. 

The good folk at Kestrel work on for- 
mal and knowledge-based methods for 
incremental automation of the software 
development process. Their goal is to 
achieve the intelligent programming en- 
vironment of the future. 

With their research in program syn- 
thesis, the people at Kestrel are seeking 
to discover and articulate the principles 
underlying the creation of software. To 
further automate the programming pro- 
cess, a computer must have available a 
large body of programming knowledge. 
Kestrel is attempting to codify that 
knowledge in a form amenable to use by 
a computer. 

Kestrel was started in 1981 by Cordell 
Green. Currently it employs 17 people 
from places like Stanford, Massachusetts 
Institute of Technology, California Insti- 
tute of Technology, and the University of 
California at Santa Cruz. Employees 
work on Symbolics LISP machines and 
Sun workstations, developing prototype 
software and publishing papers and re- 
ports by the metric ton. 

Green is a soft-spoken, thoughtful man 
with a wide, open face and gray-tinged 
beard. Before founding Kestrel, Green 
worked at Stanford, Defense Advanced 
Research Projects Agency, and Stanford 
Research International. He founded Kes- 
trel with the hope that by controlling the 
work environment and marshalling re- 
sources, automated reasoning research 
could progress more quickly. Although 
arguments might occur over the path to 
be taken, the destination would be 
agreed upon. Currently, Kestrel is prob- 
ably the largest group in the world work- 
ing on knowledge-based software 
development. 


COMPUTERVISIONS® 


Cordell Green and the Age of Reasoning 


By Bill Burch 


reen became in- 
during the late 


60s when a variety of interesting, practi- 
cal problems were being addressed. Work 
on “automatic programming” had start- 
ed much earlier with the first assemblers. 
At that time, automatic programming 
was anything that got from assembly to 
machine language. Later the term came 
to include work on compilers for higher- 
level languages like COBOL and FOR- 
TRAN. Although it went out of style for 
awhile, automatic programming came 
back into vogue during the late 60s. 

During the middle to late 60s, Green 
was at Stanford with Bert Raphael as his 
advisor. Raphael had done a thesis at 
MIT on semantic information retrieval 
and was interested in continuing the 
work using a resolution theorem prover. 
He put Green on the project. 

The trendy thing in AI at the time 
was question-answering systems. The 
questions to Green’s system were general 
purpose and phrased in predicate calcu- 
lus. The goal was to find out what could 
be done with a formal inference mecha- 
nism—in this case, resolution theorem 
proving. 

The other area Raphael and Green 
concentrated on was problem solving. At 
the time, the monkey and banana prob- 
lem was considered_a worthy research 
topic. a 

(A well-known test of animal intelli- 
gence, this problem requires the com- 
puter to produce a sequence of actions to 
solve a problem. In this case, a banana is 
hung from the ceiling in a room full of 
boxes. The monkey (or computer) must 
figure out that it must move a box under 
the banana and stand on it to reach the 
banana—a kind of Turing test for the 
chimp set.) 

“I was told I couldn’t solve the prob- 
lem in first-order logic because you can’t 
represent states,” remembers Green. 
When the monkey carried out an action, 
it changed the state of the problem. 
Predicate calculus deals with statements 
that are true for all time. 

“I realized I had to introduce changes 
of state into the predicate calculus,” says 
Green. “So I introduced a state variable 
and a function to map old states into new 
states and made each predicate depen- 


dent on a state variable.” Thus was born 
situation calculus in first-order logic. 

With this technique, you could say 
that there exists some state such that the ~ 
monkey has the banana. The accompa- 
nying theorem prover constructed a se- 
quence of actions that worked from the 
initial state to the final state. 

At the time, problem solvers, question 
answerers, and theorem provers were all 
considered different; there didn’t seem to 
be any underlying common mechanism. 
Seeking to unify the three fields, Green 
completed a Ph.D. in electrical engineer- 
ing at Stanford in 1969 and published 
his thesis, “The Application of Theorem 
Proving to Question-Answering 
Systems.” 

Green showed how automating pro- 
gramming could be treated as a form of 
problem solving. He proposed four uses 
for theorem proving. 

The first was program checking. Sup- 
pose R/A,B) represents some general de- 
sired input-output relationship, such as a 
sort. If B is a sorted version of A, then 
R(A,B) is true. 

The second possibility was program 
simulation. Given an A, does there exist 
an X that’s a sorted version of A. Thus, 


25 


26 


if the question is (Exists X) R(A,X), the 
program would return either yes, X = B 
or no. 

The third use was verification. If the 
question is (A// X) R(X,G(X)), the pro- 
gram would return yes or no, X = C. 

The fourth-was what Green called pro- 
gram writing. Given (All X)(Exists Y) 
R(X,Y), the program would respond with 
either yes, Y = F(X) or no, X = C. Or, 
in English, for any input, is there a Y 
that’s a sorted version of the input. If the 
theorem prover says yes, it would write a 
program for you, some F(X). 


a ut of these four 
| notions in predi- 
cate calculus 


came Green’s modern version of auto- 
matic programming. While Green 
thought program writing was hot, what 
he called simulation attracted the atten- 
tion of Robert Kowalski and Martin Von 
Emden, who developed it as a general 
logic programming approach. Kowalski 
had also been working on SL resolution, 
an efficient form of resolution. 

Alain Colmerauer took the theorem 
prover and SL resolution and added 
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A POWERFUL SCREEN AND WINDOW MANAGER 


UNIX’ XENIX’ 


MS-DOS" & 


PRIMOS & 


JYACC’S FORMAKER makes it easy to design, develop, test and document inter- 
active applications. FORMAKER includes a utility for creating and maintaining 
forms and windows and a subroutine library to provide access to them. 


mw Reduced Development Time 
mg Less Complex Programs 

w Advanced User Interface 

gw Easy Form Creation 

m System Prototyping 

w Self-Documenting 

w Application Portability 


a 


; 


g Easy-To-Use 
@ Free-Form Design 
g@ ‘Test Mode”’ 
g Pop-Up Windows 


gw Display Forms 

gw Windows Management 
w Edits and Validations 
g Display Prompts 

g@ Error Messages 

w@ Save Data 

g@ Restore Data 

= Cursor Control 


g Interactive Form Editing 


JYACC, INC. is a project-oriented computer consult- 
ing firm providing services in most areas of system 
design and implementation. Call us today to discuss 


your specific needs and applications. 


CALL 
FOR A FREE 
DEMO DISK! 


Available for the IBM PC/XT/AT and compatibles, 


AT&T 7300 and 3B family, DEC Vax and Micro VAX, 
NCR Tower, Prime 50 series, Altos 986, Fortune 
32:16, Gould Concept series, HP S000 and TI PC 


family. 


UNIX is a trademark of AT&T 
XENIX and MS-DOS are trademarks of Microsoft 
PRIMOS is a trademark of Prime Computer 


JYALT INC 


116 John Street 
New York, New York 10038 
212-267-7722 
Outside NY call 1-800-458-3313 
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some important ideas. First, the order of 
literals and clauses mattered. Then he 
included the cut operator so backtrack- 
ing could be controlled. Finally, no 
branching was allowed in a program. 
Out of these decisions, PROLOG 
emerged. 

For the work that appeared in his the- 
sis, Green received the Association for 
Computing Machinery’s Grace Murray 
Hopper award in 1985. Named after the 
codeveloper of COBOL, the award is giv- 
en for outstanding achievement in com- 
puter science by individuals under the 
age of 30. 

During 1967-1968, Green had written 
the resolution theorem prover as a long 
logic program and found it difficult to 
explain. From this experience, he was 
discouraged in using logic to describe 
procedures. Since that time, PROLOG 
has considerably advanced the art of log- 
ic programming, yet problems persist. 

“When programmers get something 
that fits PROLOG, it fits very well. The 
solution is nice and elegant,” comments 
Green. “But when they get something 
that doesn’t seem to fit, they have a lot 
of trouble with it and argue whether it 
will work at all. PROLOG is a very ele- 
gant language as long as you stay in its 
domain.” 

Today, researchers are extending logic 
to integrate procedural code. While the 
integration is not complete, the Japanese 
are basing their Fifth Generation Lan- 


guage Project on PROLOG. “What they, > 


seem to be doing is looking for extensions 
for parallelism and trying to integrate 
logic and procedures,” says Green. “I 
think that’s going to happen.” 

In Green’s view, you match the lan- 
guage to the problem. There are some 
problems for which logic is very good 
and others for which procedural code is 
best. Object-oriented techniques are good 
in certain cases and awful in others. You 
can’t generalize what paradigm to use 
because it depends on what you’re 
representing. 

Ideally, a programmer should have 
logic, procedures, traces, graphics, and 
other means of representation available, 
but it’s difficult to mix all of them in a 
multiparadigm language and make it 
work. i 

Green thinks logic, procedures, and 
transformations can be integrated to de- 
velop a formal representation technique. 
The less formal methods should also be 
available: graphics, examples, traces, 
and, in the future, natural language. 

In time, all these methods will be 
mapped into a formal language, and 
automatic programmers will generate ef- 
ficient programs. Currently, graphics, ex- 
amples, traces, and natural language 
aren’t integrated representational 
techniques. 


“Let’s cheat, 


say you spent the night coding...” 


Database programmers, why waste your 
time hacking out code? 

Imagine how much faster and more profit- 
able you'd be if you could whip up power- 
ful database applications without the 
time-consuming coding pains... 
Introducing Magic PC from Aker, your pro- 
fessional dream come true. It’s not 
another line-by-line syntax treadmill like 
any DBMS or 4GL. 

Finally you can program as quickly as you 
design, while you delegate all the mun- 
dane and redundant coding tasks to 
Magic PC. 


Program 10 times faster 


Develop 3B Gn 
relational = 
database 
applications 
10 times fas- 
ter using a 
visual x 
design- oe gr 
driven inter- 
face. Instead of writing mountains of “how 
to’ procedural code, you quickly place your 
program design specs in Execution Tables 
and Magic PC's engine executes them auto- 
matically. Don't lose any more time editing 
and debugging programs by hand. 


Incredible Zoom power 
Magic PC's 
pheno- 


menal 


Zoom 
power mag- 
ically co- 
executes 
related 
programs 
through nested Zoom windows smoothly 
with auto data scrolling in all directions. 
While Zooming, query and transfer data 
across windows or even Zoom deeper. 


No more maintenance! 


Change your programs on the fly without 
any manual maintenance responsibility. 
Magic PC automatically updates your 
changes online since all the data describing 
your design (data dictionary, programs and 
menus) make up a single file, self- 
maintaining Integrated Library. 


Magic PC does it all 


Design your entire database application 
with only one comprehensive develop- 
ment system. Generate both online 
programs (screens, windows, 
menus), as well as batch pro- 


grams (reports, updates, ,) 
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import/export, etc.) with full color and gra- 
phics. You no longer fall between the cracks 
dealing with separate and inconsistent 
programming utilities. 

Free LAN features 
Develop multi-user applications for 
local area networks with Magic PC’s 
automatic support for file and 
record locking security. 

Quick prototyping 
Prototype a complete working application 
in just hours and get immediate customer 
feedback to finalize the design. It’s a true 
time-saver. 

Stand-alone runtime 
Distribute your applications and protect 
your design with a low cost runtime engine. 
It has the friendliest end-user visual inter- 
face you've ever seen with built-in, menu- 
driven and syntax-free data retrieval power. 


Jeff Duntemann, PC Tech Journal: 


“Magic PC is probably the best integrated 
database application generator that we 
have seen...very smooth system, and 
smoothness comes at a premium these 
days.” Also recommended by PC Magazine, 
PC World, PC Week, Computer Language, 
Data Based Advisor and many more around 


the world. 
Try it for $19% | 


If you develop database applications fora 
living, you can't afford not to try Magic PC for 
yourself right now. For $19.95 you'll get the 
Magic PC Tutorial software and documenta- 
tion for hands-on evaluation, complete with 
a step-by-step guide to develop an Order 
Entry sample application in just a few 


hours. 
MagicPC 369X $199 


No kidding! For a limited time only, save 
almost $500 off the $695 list price, and get 
the complete unprotected Magic PC soft- 
ware for only $199 at our special introduc- 
tory non-resale price. 


Money back guarantee 


Even at $199 you can't go wrong with our no- 

risk guarantee: keep it only if it makes 
magic for you, or we'll buy it back 

within 30 days less $19.95 
restocking fee. 


System Requirements: 
IBM PC, XT, AT, PS/2 
and 100% compatible, 
PC-DOS 2.0 or later, 
512K, hard disk. All 
trademarks 
acknowledged. 


MAGIC PC 


Green’s preference 
is a wide-spectrum 
language. Such a language covers the 
vertical range from assembly to very 
high-level languages, allowing abstrac- 
tion at the top and detail and procedure 
at the bottom. 

One example of a wide-spectrum lan- 
guage is CIP-L from the Technical Uni- 
versity in Munich, Federal Republic of 
Germany. This language is an attempt at 
a computer-aided, intuition-guided pro- 
gram. SET-L, a set-language program 
from New York University, New York, 


i n language design, 


N.Y., is an example of a pure, very high- 
level language. 

The differences between the types of 
languages, explains Green, are that “very 
high-level languages only support ab- 
stract data structures like sets, mappings, 
relations, and sequences. Bits, lists, ar- 
rays, or anything that has an immediate 
physical incarnation are not supported. 
A significant level of abstraction inter- 
venes between a very high-level language 
and the machine.” 

However, compiling a very high-level 
language presents a challenge. The com- 
piler must select or generate different 


BSW-Make, our 


retargetable 


Never Miss A Compile Again! 


make utility, 


speeds software 


development by automating the chore of rebuilding complex software 
products after an editing session. No more missed compiles! No 
more wholesale ‘‘just in case’ recompilations of the whole product! 
BSW-Make insures that the minimum set of compilations, assemblies, 
and links required to correctly update your software are performed 
after each edit. A major timesaver! 


e Syntax compatible with UNIX make 
e Works with any compiler, assembler, or linker 
e Macro facility for parameterized builds 


e Indirect command file generation facility overcomes operating 
system command length limitations 


e . MS-DOS/PC-DOS version only $89.95 

e VAX/VMS version from $299.95 

e Not copy protected 

e Unconditional 30-day guarantee — try it at no-risk! 


for free product information, call 


(617) 367-6846 


Ask for Department C2 


The Boston Software Works, Inc. 
120 Fulton Street, Boston, MA 02109 
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implementations for various occurrences 
of abstract data types with each imple- 
mentation dependent on how the data 
type is being used. 

High-level languages, according to 
Green, tend to have more of a one-to-one 
correspondence between the data struc- 
tures and the machine implementation. 
Wide-spectrum languages include fea- 
tures of both, covering the entire range 
from base primitive to head-in-the-clouds 
abstraction. 

“With a multiple-paradigm specifica- 
tion, you can match the paradigm to the 
problem or the user,” says Green. “With 
a wide-spectrum language, you can build 
a system that can transform a program 
from the outer, higher level down to the 
lowest level. The current problem with 
very high-level languages is that they’re 
not efficient because they’re very hard to 
compile.” 

Will programming be completely auto- 
mated one day? “There’s one thing that 
will never be automated,” says Green, 
“and that is figuring out what you want. 
Until you say, ‘I want my screen to look 
like this,’ there’s no way the machine can 
know what you want the screen to look 
like.” 

The toughest problem is algorithm de- 
sign. If the world could be divided into 
data structure selection and control 
structure optimization, life would be sim- 
ple. Algorithm design tends to be much 
harder. 

“Coming up with an algorithm, espe- 


cially something like a good convex-hull ~~ 


algorithm or a really good optimization 
algorithm, is extremely hard,” says 
Green. “Algorithms have a lot of math- 
ematics in them; a lot of extreme intu- 
ition is involved. They’re like deep proofs 
in mathematics. It takes a long time to 
work them out. Any simple reduction or 
synthesis technique won’t find them.” 

About 90% to 95% of the common 
data structure decisions that a program- 
mer makes can be automated, according 
to Green. The same holds for optimiz- 
ation: loop jamming, moving things out 
of loops, finite differencing—all these 
can be accomplished automatically. 

But with algorithm design, Green be- 
lieves the best you can ask for in the near 
future is design assistance, similar to 
what’s available for computer-aided de- 
sign. The assistant designer will help car- 
ry out a design by doing some of the 
simple algebraics, working in much the 
same way as the mathematics package 
MACSYMA. 

If the programmer believes that a por- 
tion of the program can be simplified, 
the assistant will take over. Similarly, if a 
proof must be constructed, the assistant 
can generate a solution. For interactive 
design, the strategy will be to start from 


To Develop Tomorrow's Applications, 
You Need The DOS Of The Future. 


THE MULTITASKING, MULTIUSER MS-DOS REPLACEMENT 
RUNS ON ANY IBM-PC, XT, AT, 80386, OR TRUE COMPATIBLE 

RUNS MS-DOS PROGRAMS AND USES THE MS-DOS FILE SYSTEM 

FEATURES FILE SHARING AND FILE LOCKING 

PROVIDES TRUE CONCURRENT MULTITASKING AND TASK SWITCHING 

SUPPORTS MULTIPLE TERMINALS WITH NO EXTRA SOFTWARE REQUIRED 

FEATURES A USER-CONFIGURABLE WINDOWING INTERFACE 

ALLOWS ADDRESSING OF EXTENDED MEMORY 

FEATURES A FILE PERMISSION SYSTEM 

SUPPORTS THE MS-DOS COMMAND LANGUAGE AND EXTENDS IT WITH COMMANDS LIKE 
PROTECT, PRIV, SPAWN, AND KILL 


ONLY £99 — DISKETTES AND MANUAL INCLUDED 


And You Need The Tools To Get The Job Done Right... 


APPLICATION DEVELOPER'S KIT 


GIVES ACCESS TO OVER 80 NEW SYSTEM SERVICES SUPPORTED BY WENDIN-DOS 


ee LIBRARIES WRITTEN IN ASSEMBLY FOR ACCESS FROM HIGH-LEVEL LANGUAGES 
LIK 


ALLOWS USER PROGRAMS TO ACCESS SYSTEM SERVICES FOR PROCESS CONTROL, 
SWAPPING, MEMORY MANAGEMENT, RECORD-AND FILE MANAGEMENT, AND CONCURRENT 1/O. 


PROVIDES AN I/O SUBSYSTEM THAT SUPPORTS CONCURRENT I/O OPERATIONS ON ANY OF 
THREE DIFFERENT LEVELS OF ACCESS: PHYSICAL, LOGICAL, AND VIRTUAL. 


ONLY £99 — DISKETTE, SOURCE CODE AND MANUAL INCLUDED 


TO ORDER WENDIN-DOS or THE WENDIN-DOS APPLICATION 
DEVELOPER’S KIT — CALL (509) 624-8088 or 


SIMPLY SEND A BRIEF, WRITTEN REQUEST FOR INFORMATION ABOUT ANY WENDIN PRODUCT TO: 


PLATINIUJRA «::: Wendin, Inc. 


FLEXIBLE DISKETTES ¥ P.O. Box 3888 TAMOME 
Spokane, WA 99220-3888 


We will send you an exciting full color catalog and a FREE product line demo diskette, 
while supplies last, compliments of Syncom Technologies, Inc., and Wendin, Inc. (509) 624-8088. 
(System hardware recommendation — minimum 512K and for multitasking a machine with at least the computing power of an IBM-AT.) 


< DEALER INQUIRIES WELCOME Pe eee ean 
Foreign orders inquire about shipping. is a trademark of Microsoft. PC- isa 
BOX 3888 Domestic orders add $6.00/ ist item, $1.00 trademark of IBM. 
t SPOKANE, WA 99220-3888 each additional item for shipping, handling, and Wendin is a registered trademark of Wendin, Inc. 
os ee eS 2s Be ee insurance. We accept Visa/MC, American Wendin-DOS and Wendin-DOS Application 
Working Beyond the horizon to develop the operating systems of tomorrow eee e ..D., and Bank Drafts drawn on Developers Kit are trademarks of Wendin, Inc. 
.S. Banks. 
© Copyright 1987 Wendin, Inc. (509) 624-8088 Washington residents add 7.8% sales tax. CIRCLE 89 ON READER SERVICE CARD 


Programmer’s Paradise Gives You Superb Selection, 
Personal Service and. Unbeatable Prices! 


Welcome to Paradise. The MS/PC-DOS and XENIX software source that caters to your programming needs. 


e Lowest price guaranteed 
e Latest versions 


LIST 
C++ 
ADVANTAGE C+ + $ 495 
PFORCE + + 395 
C COMPILERS 
C86 PLUS 497 
C86 PLUS W/ROMPAC 747 
DATALIGHT C DEVELOPER'S KIT 99 
DATALIGHT OPTIMUM C 139 
LATTICE C 500 
W/SOURCE 900 
ET’S C 75 
W/CSD DEBUGGER 150 
MICROSOFT C 450 
TURBO C 100 
C INTERPRETERS 
C-TERP 300 
INSTANT C 500 
RUN/C 120 
RUN/C PROFESSIONAL 250 
ASSEMBLERS, LINKERS 
ADVANTAGE DISASSEMBLER 295 
ADVANTAGE LINK 395 
ASMLIB 149 
MACRO ASSEMBLER 150 
PASM-86 195 
PLINK 86 PLUS 495 
UNIWARE 68000 X-ASM 395 


processing, circuit desi; 
more. Call for your FREE catalog today! 


GRAPHICS 


& ENGINEERING 
SOLUTIONS CATALOG 


Describes 100 of the best software packages for 
solving complex equations, number crunching, 

analyzing data, 3-D CAD/CAM design, technical word 
, sophisticated graphics and 


Discover the Many Advantages of Paradise... 
e Huge inventory, immediate shipment 
© Knowledgeable sales staff 


Over 500 brand-name products in stock —if you don’t see it, call! 


CALL 


ADVANTAGE GRAPHICS 250 225 
ESSENTIAL GRAPHICS 250 189 
GRAPHIC 350 = 285 
GSS GRAPHICS DEVELOPMENT 

TOOLKIT 495 375 
OTHER GSS CALL CALL 
HALO— ONE LANGUAGE 300 «205 
HALO— FIVE MICROSOFT LANG. 595 369 
HALO-DPE 195 155 
METAWINDOW 195 CALL 
METAWINDOW PLUS 275 CALL 
METAFONTS 95 CALL 
METAFONTS PLUS 275 CALL 
C UTILITY LIBRARIES 
ASYNCH MANAGER 175 0~=«:119 
BASIC_C 175 129 
BLACKSTAR FUNCTIONS 99 89 
C DISPLAY LIBRARIAN 99 79 
C FOOD SMORGASBORD 150 95 

W/SOURCE 300 179 
C TOOLS PLUS 175 «119 
DISPLAY EXPRESS 99 79 
ESSENTIAL C UTILITY LIBRARY 185 119 
ESSENTIAL COMMUNICATIONS — 185 125 

COMMUNICATIONS PLUS 250 189 
GREENLEAF COMM 185 125 


Terms and Policies 


LIST 
GREENLEAF FUNCTIONS 185 
LINK & LOCATE 350 
MULTI-C 149 
PFORCE 295 
THE HAMMER 195 
TIMESLICER 295 
W/SOURCE 1000 
TOPVIEW TOOLBASKET 250 
SCREEN DISPLAY, WINDOWS FOR C 
CURSES 125 
W/SOURCE 250 
FLASH-UP WINDOWS 90 
GREENLEAF DATA WINDOWS 225 
W/SOURCE 395 
MICROSOFT WINDOWS 99 
WINDOWS DEVELOPMENT KIT 500 
ON-LINE HELP 149 
PANEL 295 
PANEL PLUS 495 
POLYDESK III 9 
POLYDESK ADD ONS CALL 
QUICKSCREEN 195 
SCREENPLAY (LATTICE) 150 
SOFTSCREEN HELP 195 
VIEW MANAGER 275 
VITAMIN C 225 
VC SCREEN 99 
WINDOWS FOR C 250 
WINDOWS FOR DATA 395 
ZVIEW 245 
FILE MANAGEMENT 
ASMTREE 395 
BTRIEVE 245 
XTRIEVE 245 
REPORT OPTION 145 
BTRIEVE/N 595 
XTRIEVE/N 595 
REPORT OPTION/N 345 
C-TREE 395 
R-TREE 295 
C-TREE/R-TREE BUNDLE 650 
DBC III/II 250 
W/SOURCE 500 
DBC III PLUS 750 
W/SOURCE 1500 
DB_VISTA 195 
W/SOURCE 495 
DB_QUERY 195 
W/SOURCE 495 
INFORMIX ESQL/C 595 
INFORMIX 4GL 995 
INFORMIX SQL 795 
PHACT 295 
MAKE, LINT, PROFILE, UTILITIES 
ADVANTAGE MAKE 125 
CODE SIFTER 119 
LMK 195 
PC-LINT 139 
PFINISH 395 
PMAKER 125 
POLYMAKE 149 
PRE- 295 
SAPIENS MAKE 79 
THE PROFILER 125 
DEBUGGERS 
ADVANCED TRACE 86 175 
BREAKOUT 125 
C-SPRITE 175 


© We honor MC, VISA, AMERICAN EXPRESS 
No surcharge on credit card or C.0.D. Prepayment by check. New York State residents add applicable 
sales tax. Shipping and handling $3.00 per item, sent UPS ground. Rush service available, prevailing rates. 
© Programmer's Paradise will match any current nationally advertised price for the products listed in this ad. 
© Mention this ad when ordering—some items are specially priced. 
© Prices and Policies subject to change without notice. 

© Corporate and Dealer inquiries welcome. 
*Ask for details. Some manufacturers will not allow returns once disk seals are broken. 


1-800-445-7899 i Ny. 914-332-4548 


We'll Match Any Nationally Advertised Price. 


e Special orders 
© 30-day money-back guarantee 


LIST OURS 
CSD DEBUGGER 75 59 
PERISCOPE I 345 295 
PERISCOPE II 175 «139 
PERISCOPE II-X 145 109 
PERISCOPE III 995 825 
PFIX 86 PLUS 395 229 
XVIEW 86 60 49 


80386 DEVELOPMENT 
~~ TOOLS 


ADVANTAGE 386 C 805 


ADVANTAGE 386 PASCAL 
PHARLAP 386/ASM/LINK 
PHARLAP 386!DOS-EXTENDER 
PHARLAP 386|DEBUG 


EDITORS 
BRIEF 195 CALL 
DBRIEF 95 CALL 
BRIEF/DBRIEF BUNDLE 275 CALL 
CVUE W/SOURCE 250 199 
EDIX 195 155 
EMACS 295 265 
EPSILON 195 149 
FIRSTIME (C) 295 229 
KEDIT 125 99 
LSE 125 99 
PC/VI 149 +109 
PMATE 195 115 
SPF/PC 195 145 
VEDIT 150 99 
VEDIT PLUS 185 129 
ARTIFICIAL INTELLIGENCE 
ARITY COMBO PACK 1095 979 
ARITY STANDARD PROLOG 95 79 
GOLDEN COMMON LISP 495 CALL 
INSIGHT 2+ 485 379 
MICROSOFT LISP 250 +159 
SMALLTALK V 99 85 
TURBO PROLOG 100 65 
TURBO PROLOG TOOLBOX 100 65 
ADDITIONAL PRODUCTS 
COMMAND PLUS 80 69 


DAN BRICKLIN’S DEMO PROGRAM -—s75 59 


DISK OPTIMIZER 60 55 
FASTBACK 175 «135 
LATTICE TEXT MGMT. UTIL. 120 89 
MICROSOFT LEARNING DOS 50 39 
NORTON COMMANDER 75 55 
NORTON UTILITIES 100 59 
PDISK 145 89 
PFANTASY PACK 995 599 
POLYBOOST 80 69 
POLYTRON PVCS CALL CALL 
SAPIENS V8 300 269 
SOURCE PRINT 97 59 
TREE DIAGRAMMER ee 65 
VENTURA PUBLISHER (XEROX) 895 695 
VENTURA PUBLISHER (TURBO) 1595 1249 
PASCAL COMPILERS 

MARSHAL PASCAL 189 169 
MICROSOFT PASCAL 300 +185 
PASCAL-2 350 329 
TURBO PASCAL 100 65 
TURBO PASCAL ADD ONS CALL CALL 

, . 
Programmer’s Paradise 


42 River Street, Tarrytown, NY 10591 


LIST OURS 
TOOLS FOR TURBO PASCAL 


ALICE 95 69 
FLASH-UP WINDOWS 90 79 
SCREENPLAY 100 89 
SCREEN SCULPTOR 125 95 
T-DEBUG PLUS 60 49 
TURBO ASM 100 85 
TURBO ASYNCH PLUS 100 79 
TURBO EXTENDER 85 65 
TURBO HALO 129 99. 
TURBO MAGIC 99 CALL 
TURBO NUMERICAL METHODS 100 65 
TURBO PROFESSIONAL 70 49 
TURBO POWER TOOLS PLUS 100 79 
-TURBO WINDOWS 80 65 
OTHER TURBO TOOLS CALL CALL 


NEW PRODUCTS 


ADVANTAGE Graphics —Lightning-fast high-per- 
formance C language graphics toolkit. Supports over 
30 graphics adaptors. Over 200 functions, including 
an extensive set for building multi-window applica- 
tions. Object-oriented concepts provide workstation- 
like capabilities on your PC/XT/AT — yet no 


royalties! 
List $250 Ours $225 


WATFOR-77 V. 2.0 FORTRAN compiler, highly 
regarded for its superior debugging environment. 
Follows the load and go approach of one-step com- 
pile and execution. Includes editor, linker, runtime 
debugger and a Graphics Kernal System. Latest ver- 
sion supports Hercules graphics card. 


List $375 Ours $335 


PC-MOS/386— New operating system designed to 
fully exploit 80386-based hardware capabilities. PC- 
MOS/386 is a multi-user, multi-tasking operating 
system, but is still fully compatible with virtually all 
DOS-compatible programs. 
List 

1 User $195 

5 Users 595 
25 Users 995 


TURBO MAGIC —A code generator for Turbo Pas- 
cal. Input forms and help windows up to 66 lines 
long. Scrolling within framed windows. Pop-up 
menus, pull-down menu systems, and much more! 


List $99 Ours CALL 
BASIC 
BETTERBASIC 199 129 

BETTERBASIC ADD ONS CALL CALL 
BETTERTOOLS 95 89 
FINALLY 99 89 
MICROSOFT QUICKBASIC 99 65 
PROFESSIONAL BASIC 99 75 
TRUE BASIC 150 105 
TURBO BASIC 100 65 
COBOL COMPILERS/UTILITIES 
COBOL SPII 395 329 
MICRO FOCUS COBOL CALL CALL 
MICROSOFT COBOL 700 439 
MICROSOFT SORT 195 129 
MICRO/SPF. 175 «155 
OPT-TECH SORT 149 (115 
REALIA CICS 995 785 
REALIA COBOL 995 785 
REALIA MENU 150 119 
RM/COBOL 950 649 
RM/COBOL 8X 1250 909 
SCREENIO 400 CALL 
SCREENPLAY 175 129 
VISUAL COBOL (MBP) 795 . 695 
FORTRAN COMPILERS/UTILITIES 
ACS TIMES SERIES 495 389 
87 SFL 250 225 
FOR-WINDS 90 69 
FORLIB-PLUS 70 45 
FORTRAN SCIENTIFIC 

SUBROUTINES 295 249 
GRAFMATICS OR PLOTMATICS 135 119) 
GRAFMATICS AND PLOTMATICS 240 219 
LAHEY FORTRAN 477 CALL 
MICROSOFT FORTRAN 450 269 
RM/FORTRAN 595 399. 
STRINGS AND THINGS 70 49 


XENIX/UNIX PRODUCTS 


SCO XENIX SYSTEM V-COMPLETE 1295 

SCO XENIX OPERATING SYSTEMS 595 

MICROPORT SYSTEM V/AT 549 

MICROPORT SOFTWARE DEV, SYS. 249 
OTHERSCO & MICROPORT CALL 

ADVANTAGE C++ 

BTRIEVE 

C-TERP 

C-TREE 

INFORMIX ESQL/C 

INFORMIX 4GL 

INFORMIX SQL 

MICROSOET LANGUAGES 


ANE, 
PANEL PLUS 
RM/COBOL 
RM/FORTRAN 


OTHER LANGUAGES 

APL*PLUS 595 
CLIPPER 695 
JANUS/ADA PACKS 
LATTICE RPG II COMPILER 750 
LOGITECH MODULA-2 
PC FORTH 150 
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the proof and then do the algorithm 
design. 

With the art of programming in flux, 
one wonders if there is any pay-off to be 
gained from automated programming re- 
search now? Green believes there is. 
“Just look at-where we are,” he says. 
“We used to have assemblers, and then 
we had ALGOL, and now we have Ada, 
LISP, PROLOG, and SET-L. It’s just a 
natural progression. Beyond that is Re- 
fine, the language we’re working on now, 
and CIP-L.” 

Each of these languages is the encap- 
sulation of their day’s technology in 
terms of compiler design and automating 
programming. Green argues that we 
must always look for improvements on 
existing languages and take the next 
step. 

At one end of the research pipeline, he 
says, is the theoretical work, the experi- 
mental studies, the projects that are 10 
years away from completion. At the oth- 
er end are the slight improvements on 
UNIX. Green insists on looking at the 
big picture. 

“You really want to keep your whole 
research pipeline filled up,” explains 
Green. “It’s not wise to say we should 


drop this part, from here to here. You 
want to have all of it going, from the 
projects that are 10 years off to the work 
that will make it out the door this year.” 


ie si ike most fields of 
ae [*. knowledge- 
a Em based program 
synthesis is limited by the rate of acqui- 
sition of new synthesis rules and princi- 
ples. Knowledge acquisition limits 
progress. 

When found, knowledge acquisition 
techniques can be used for specification 
acquisition. Every year, programs can be 
specified in higher and higher languages. 
Program synthesis can help in developing 
specifications. Kestrel is working on tech- 
niques for taking an old specification and 
transforming it into a new one that’s 
closer to what's desired. 

Suppose a system is set up for weekly 
reports, but bimonthly reports are need- 
ed. When the system was designed, no 
parameter was provided to specify how 
often reports were to appear; the system 
was built on the assumption that the fre- 
quency of reports would never change. 

The specification must be radically 
transformed to make it bimonthly. The 
change will not preserve correctness. 
With a transformational technology, the 


old specification can be used to generate 
a new one. 

Green predicts there will be specifica- 
tion libraries. Transformation technol- 
ogies will modify those specifications to 
produce new programs. The generated 
specification will be tested for consisten- 
cy, both internal and with encoded world 
knowledge. Specifications will be 
checked against knowledge of such 
things as time, organizations, or account- 
ing practices. 

In some sense, transformational tech- 
nologies will result in being able to gen- 
eralize specifications. However, that may 
be too broad a perspective; in some cases, 
the transformation will be a generaliza- 
tion, while in others it will be a 
specialization. 

For some programs, a lateral move is 
in order, with the transformation consist- 
ing of generalizing and then instantiating 
a program. A program may not be an in- 
stance of any category of problems, or it 
may be an instance of a broader class 
known only to the Martians. 

Essentially, the goal is the economical 
reuse of knowledge at the highest level, 


Structured Analysis breakthrough! 


THE FIRST COMPLETE 
SA SOFTWARE FOR 
UNDER $1,000. Discover the power of 


computer-aided Structured Analysis...Create specifications 
more efficiently, more accurately,... With feamwork/PCSA} 
acomplete, automated SA tool for your PC for only $995. 


No other system includes these features for under $1,000: >" 
e Full support of Yourdon/DeMarco SA techniques 

e Easy-to-use mouse driven interface with pop-up menus 

e Includes integrated project data dictionary 

@ Includes consistency checking and diagram balancing 

¢ Now also includes P-Specs, Postscript™ output, and 


new, easy tutorial 


It’s used by leading developers at Boeing, AT&T, GE, HP, 
and Bank of America. And it’s the only PC-based software 
that offers you a growth path to the Teamwork family of 
CASE tools for real-time modeling, system design and life- 


cycle management. 


CADRE 


IBM is a registered trademark of International Business 
Machines. Postscript is a registered trademark of Adobe 
Systems, Inc. 


Cadre Technologies Inc. 
222 Richmond St. 
Providence, RI 02903 


T kIPCSA + IBM? tiblePCs. FO 
Vide by) Evel ema "AT&T, GE, HP, PREE DeMarco Book! We'll give you 


two reasons to order feamwork/PCSA today. ONE: 
you get a 30-day money-back guarantee, so there's 
absolutely no risk. TWO: Order now and we'll send you 
Structured Analysis and System Specification 
by Tom DeMarco. It's the ‘'Bible’’ of structured analysis 
and normally sells for over $40. And it's yours free. For 
details or to place your order, call or write today. 


CALL (401) 351-CASE. 


l North American prices only. Volume discounts available. 
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with automation allowing reliance upon 
the machine’s powers of program synthe- 
sis. “It’s much easier to build specifica- 
tions if you have libraries,” Green 
comments. “People are trying to build 
software libraries with lower-level lan- 
guages, but-it’s harder to do there. As 
you drop to a lower level, more things are 
fixed and there are more commitments to 
given data structures and optimizations. 
As you move away from machine code to 
Ada, SET-L, and other higher languages, 
there’s less commitment to specific 
details.” 

To develop the kind of world knowl- 


edge necessary for consistency checking, 
large systems must be developed. Inte- 
grating these large systems is a real 
problem, one not unique to automated 
programming. For a large system of any 
sort, consistency must be maintained. In 
any language, from machine code to 
PROLOG, a large system gets huge; it 
would fill a bookshelf. By going to a 
higher-level language, it can be com- 
pressed from 20 feet down to two feet, 
but there’s still two feet of code and it 
must still be consistent. 

Kestrel’s strategy is to make the sys- 
tem as high-level as possible. “Discard as 
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functions, view data, execute any C expression. 
Complete Language -- We’ve always 
supported full K&R, now we support the 
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Multi-file, configurable editor -- features fast 
screens, inter-file copies and moves, etc. etc. 
Spring from file to file, module to module. 
Develop as you never did before. Completely 
reconfigurable. 

Complete Compatibility -- For each supported 
compiler we provided a separate C-terp with 
separate documentation (each compiler is a 
little bit different). We provide a batch file to 
link in your compiler’s entire library. We 
make sure the data alignment, bit field order, 
and pre-processor variables are compatible 
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compatibility. 

Shared symbols option -- for those large 
75-module applications. 
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e Software Paging -- for those big jobs. Our new 
and improved paging can now access Extended 
Memory directly. 

Pointer checking -- An out-of-bounds 
assignment will put you into debug mode with 
the offending statement highlighted. 

Object module support -- Link in not only your 
compiler’s library but your own libraries (large 
model), assembler routines, and commercial 
libraries such as Essential Graphics, HALO, 
Windows for Data, Greenleaf, Vitamin C, etc. 
Our function pointers are compatible with 
compiled C (a must for using commercial 
libraries) and we support call in (from compiled 
to interpreted) as well. 

Numerous other features including our own 
batch mode, dual display and graphics support, 
tracing and 8087/80287 as well. 


Order C-terp TODAY (Specify Compiler) 
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much development detail as possible,” 
advises Green. “Throw it all into the 
knowledge base, and use consistency 
management tools to bang on it. See if 
the pieces are all there, if everyone is do- 
ing the right thing, if all the types are 
consistent, if it’s consistent in time and in 
space. 

“There’s an inclination to say that 
with a different level of language we 
won’t have the problem. By being more 
declarative and less procedural, the logic 
contingent claims it will be easier to 
show consistency. If you can verify that 
the program synthesis is correct, you 
don’t have to verify all your data struc- 
tures every time.” 


reen hopes that 
from his current 
seis work on acquir- 
ing and formalizing programming tech- 
niques, the knowledge programming 
technologies of reformulation and trans- 
formation will be more broadly applied. 
He also hopes they will be used in AI 
systems for knowledge acquisition, re- 
sulting in changes in representations and 
strategies in knowledge engineering. 

In time, the program synthesis work 
could be a good stepping-off point for 
work on harder AI problems. In 1984, 
Reasoning Systems was spun off from 
Kestrel, with the intent of commercializ- 
ing the software engineering tools devel- 
oped at Kestrel. 

Reasoning Systems’ current product is 
Refine. Gordon Kotik, the company’s 
head of product development, describes 
Refine as a wide-spectrum language with 
a well-developed set of support tools. 

Although his work is highly technical, 
focusing on the automation of reasoning, 
Green comes across as having a deep re- 
spect for intuition. He struggles with 
synthesizing difficult algorithms. His job 
is formalization, yet his work is based in 
creativity of the highest order. 

“T like the field for the practical tools 
it gives you, for making it easier to work 
with computers. And I like it for how I 
think it will affect AI.” [Fi 
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* New optimizations generate the fastest code: 
—Inline code generation“NEW! 
—Loop optimizations: NEW! 
— Loop invariant expression removal. NEW! 
— Automatic register allocation of variables. NEW! 
—Elimination of common sub expressions. 
—Improved constant folding and value propagation. 
«Fine tune your programs for even greater speed: 
—Coding techniques for writing the fastest possible 
programs are included in the documentation. NEW! 
—Segment Allocation Control: 
—Group functions into the same segment to get faster 
calls. NEW! 
—Specify which segments receive variables to yield 
faster NEAR references. NEW! 
—Uses register variable declarations. 
—Mix memory models using NEAR, FAR & HUGE 
pointers. 


Benchmarks run on an IBM* Personal System/2™ *Time is negligible. 
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Microsoft C Version 5.0 includes QuickC which 

lets you edit, compile, debug, and execute in an 
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¢ MAKE file is automatically generated for you. 
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—Emits CodeView*-supported executables. 
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Microsoft C Version 5.0 includes Microsoft CodeView, 
our source-level windowing debugger that lets you debug 
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e Debug larger programs: 

— Debug through overlays created by the 
Microsoft overlay linker. NEW! 

—Expanded Memory;Specification (EMS) 
support. NEW! : 

Fast debugging through precise control of your 
program execution: 
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from your Microsoft C, FORTRAN, and Macro 
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— View your source code and assembly simultaneously. 

— Watch the value of variables change as you execute. 

—Set conditional breakpoints. 

— Animate or single step through your program. 

CodeView brings you as close as you've ever been 

to your hardware: 

—Swap between your code and output screens. 
— Watch your registers and flags change as your 
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Writing Faster Programs with Microsoft® C 
Programmers switch to the large model because they’ve run out of room in the smaller 
models. Unfortunately, this can slow your program down by 20 to 30 percent. How can you 
ve large model programs that run as fast as small model programs? Microsoft C can help you 
o this. 


Segment Allocation Control 

The Microsoft C Compiler Version 4.0 stores all initialized static data in a default data 
segment called DGROUP Microsoft C keeps the address of the DGROUP segment in the DS 
register. This makes all references to initialized static data a faster NEAR reference even in 
large model. So the first trick is to make sure all of the data you use frequently is initialized 
and put into DGROUP What do you do when you run out of DGROUP space? First, declare 
the initialized static data that you use less frequently as FAR. Declaring initialized static data 
FAR takes it out of DGROUP and puts it into a new data segment. 


For example: 
int count =0; becomes far int count=0; 
main (argc, argv) main (argc, argv) 


int argc; “int arge; 


If you still run out of room in DGROUP the new Microsoft C Optimizing Compiler Version 
0.0 has another feature to keep your data access fast. The first step is to divide your external 
data into two files, datal.c and data2.c. The first file, datal.c, contains all of your DGROUP 
data such as initialized static data and variables you explicitly declare NEAR. The second file, 
data2.c, contains all of the data you declare FAR. 

Microsoft C 5.0 puts all of the data declarations in the second file into a single new segment. 
Now create an include file using the #pragma same_seg to tell the compiler that all of the 
variables in the data2.c are in the same segment. hicluding this file in each module tells the 
compuer to load the new segment in the ES register and use the ES register when referring to 
variables in data2.c. Now references to data in both datal.c and data2.c will be faster 
NEAR references. 

These are the kinds of features coming in the Microsoft C Optimizing Compiler Version 5.0 
that will make your code faster than ever before. 
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By Thomas J. Kelly and Allen Mcintosh 


he growing pop- 
ularity of C has 
led to a prolif- 
ee snes eration of opti- 
mizing C compilers. Unfortunately, the 
term “optimizing” has no standard 
meaning. The transformations made by 
an optimizing compiler can range from 
simple peephole code improvements to 
loop induction variable removal and in- 
terprocedure flow analysis. Which trans- 
formations are used, and how, can make 
a dramatic difference in the quality of 
the code a compiler produces. 

An understanding of the issues dis- 
cussed in this article can help in the 
evaluation of competing optimizing com- 
pilers. In most cases, a simple program 
can be devised to test for the presence or 
absence of a particular kind of transfor- 
mation. Other simple programs can be 
used to determine if the optimizing com- 
piler is too aggressive and changes the 
meaning of valid C programs. Finally, 
many of the program transformations 
made by optimizing compilers can be 
done by hand, although the analysis is 
often tedious. If an optimizing compiler 
is not available, the programmer may be 
able to apply some of these techniques to 
reduce the execution time of a program. 

The examples and discussion in this 
article are based on HCR Corp.’s Porta- 
ble C Optimizer (PCO). This optimizer 
performs a typical set of transformations 
and is similar in organization to many 
other optimizers. It is used in the IBM 
RT PC AIX C compiler, the Control 
Data Cyber 180 C compiler, and HCR’s 
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VAX C compiler. Some of the transfor- 
mations described here may not be avail- 
able in all versions of the PCO. 

The primary goal of a compiler is to 
produce correct object code for every val- 
id source program. Considerations of 
compilation speed or object code quality 
should never interfere with this goal. A 
compiler also has a variety of secondary 
goals, and the relative importance of 
these goals depends on the use envisioned 
for the compiler. 

One secondary goal is to reject invalid 
programs with a good error message. An- 
other is to produce an. executable pro- 
gram very quickly. As its main secondary 
goal, an optimizing compiler tries to pro- 
duce object code that executes quickly or 
is frugal in its storage use. 

The word “optimizing” in the phrase 
“optimizing compiler” is a misnomer. 
The compiler does not produce an opti- 
mal translation of the source program 
but rather a better object program than 
the most obvious one for a given source 
program. It is traditional, however, to 
call this process “optimization.” 

Generally, an optimizing compiler re- 
quires more time and storage during the 
compilation process than a compiler that 
performs a straightforward translation. 
For a production program, the additional 
resources may be a wise investment if the 
improved performance of the object code 
makes up for the longer compilation 
time. If the program is under develop- 
ment and can be run only once or twice 
before being recompiled, the improve- 
ment in object code may not be worth 
the cost. 

The code produced by an optimizing 
compiler for a program is tailored to the 
program as a unit, as opposed to being a 


collection of independent code fragments 
strung together one after another. This 
permits the compiler to take advantage 
of interactions between parts of the pro- 
gram to produce better code. 

For example, consider the expression 
x+3. A typical compiler will generate 
the code for x +3 every time it encoun- 
ters the expression. An optimizing com- 
piler will attempt to determine if it has 
computed x+3 before and if the value of 
x has not changed since the last time x + 
3 was computed. If so, the result of x+3 
could be saved (perhaps in a register) 
and reused rather than recomputed. 

Although an optimizing compiler can 
produce an efficient implementation of 
the programmer’s algorithm, it cannot 
change the algorithm. An algorithm that 
is O(n’) is still O(#) after the compiler 
has translated it. An O(n Jog n) algo- 
rithm that solves the same problem will 
perform better (for sufficiently large 7) 
even if compiled by a nonoptimizing 
compiler. Changing to a better algorithm 
remains the best way to improve the 
speed of a program. 


Program transformations 

The techniques used by optimizing com- 
pilers are often called transformations. 
This view describes the effect of the 
technique in terms of the changes it 
makes to the source program (or to the 
most obvious translation of the source 
program). 


An optimizing compiler can do three 
major kinds of program transformations: 
peephole, local, and global. 

Peephole transformations examine a 
small portion of the program code. They 
are typically applied at the machine lev- 
el, often to the assembly representation 
of the compiled program, and are gener- 
ally machine dependent. Typical peep- 
hole transformations replace a sequence 
of instructions by a shorter or faster se- 
quence that accomplishes the same thing. 

Local transformations are similar to 
peephole transformations in that they 
analyze a small amount of the program, 
typically one basic block. (A basic block 
is a section of the program that has one 
entry and no internal control transfers. If 
control enters a basic block, all the code 
in the block will be executed.) These 
transformations can usually be described 
in machine-independent terms. A typical 
example of a local transformation is local 
common subexpression elimination. 

Transformations that include analysis 
of larger parts of the program are some- 
times called global transformations. The 
analysis usually examines multiple basic 
blocks that include conditional control 
flow. These transformations often require 
data-flow analysis, which determines how 
values are generated and used along the 
paths through the program. A typical ex- 
ample of this kind of transformation is 
lifting loop invariants. 

Data-flow analysis may be restricted 
to a single function or procedure (intra- 
procedure flow analysis) or it may take 
into account the effects of called proce- 
dures (interprocedure flow analysis). In- 
terprocedure flow analysis is less 
common because the called procedure is 
often in another, separately compiled 


module and so is not readily accessible to 
the compiler. 

Other program transformation tech- 
niques include those that attempt to turn 
loops into vector instructions for super- 
computers and those that attempt to find 
parallelism in the program for machines 
with many processors. 

Strength reduction, the replacement of 
an operation by a cheaper one, is easy to 
apply in simple cases. For example, 
a=b*2; becomes a=b<<I];. 

Many C compilers convert multiplica- 
tions by constant powers of 2 to shifts. A 
signed integer divide cannot be replaced 
by a right shift on a 2’s complement ma- 
chine because if the dividend is negative, 
the wrong answer will be computed. If 
the operation is an unsigned integer di- 
vide, the transformation is legitimate. 

Another simple local transformation is 
value identification. This transformation 
works within a single basic block and 
tries to eliminate redundant computa- 
tions of the same value. For example: 


a=b; 
c=d; 
e=atc; 
f=b+d; 


can be transformed into: 


=f=atc¢ /*b+d == atc */ 

This transformation is not valid if a, , 
c, or d could be changed in ways not evi- 
dent from this code fragment. This situa- 
tion could occur in a UNIX program 
that catches signals. 

A very similar transformation is local 
common subexpression elimination. A lo- 
cal common subexpression is one com- 
puted and used several times within one 
basic block. It may be more efficient to 
compute the value of an expression once 
and save it in a temporary variable. Sub- 
sequent computations of the expression 
can be replaced by referencing the vari- 
able. For example: 
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a=b*(c+d); 
e=f/(c+d); 


can be transformed into: 


T=ct+d; /* Tis a variable */ 
a=b*T; /* created by the optimizer */ 
e={/T; 


At first glance, it may seem that this 
transformation is unlikely to be very ef- 
fective. Many programmers would have 
written the optimized code in the first 
place. The main benefit comes in the op- 
timizer finding common subexpressions 
in expressions created by the compiler at 
a level of detail below that at which the 
programmer is working. 

Consider the following, where a, }, c, 
and d are arrays of double-precision 
values: 


ali] = (bli]*clil)/dlil; 


If a double-precision value requires 8 
bytes, the compiler will typically produce 
code something like this: 


*(atli<<3))=(lb+li<<3)) 
* *(c+(i<<3)))/ *(d+li<<3)); 


where a, b, c, and d are addresses and 
i<<3 is the required offset in bytes. 

A compiler with code to eliminate 
common subexpressions could produce 
code like this: 


T=i<<3; /* Created by optimizer */ 
*atT)=(*lb+T)* c+T))/ d+); 


In this example, the optimizer has 
eliminated three computations of the off- 
set. The optimizer may also be able to 
allocate T to a register for even faster 
code. 

Many compilers fold constant expres- 
sions, which means that operations with 
constant operands are done at compile 
time. Macros often provide opportunities 
for constant folding: 


#define MaxEntries 100 
int a[MaxEntries + 1]; 
[* leave room for sentinel */ 


A related transformation is constant 
propagation. This transformation uses 


data-flow analysis to determine if a vari- 
able must have a known value at a cer- 
tain point in the program. If it does, a 
reference to the value of the variable can 
be replaced by the constant. 

After a variable reference is replaced 
by a constant, it is sometimes possible to 
do additional constant folding, which can 
lead again to more constants to propa- 
gate. For example: 


#define NumElements 10 
length=NumElements; 
size=length*sizeoflint); 


becomes: 


length=10; 
size=40; 
/* assuming ints are 4 bytes */ 


Because programs spend much of their 
time inside loops, various optimization oe 
techniques are designed to improve the 
code generated for loops. If the value of 
an expression does not change within a 
loop, the expression is said to be invar- 
iant within the loop. 

An invariant expression need not be 
recomputed every time through the loop. 
Instead, it can be computed just before 
entering the loop and saved in a tempo- 
rary variable that can be referenced 
within the loop. Often the temporary 
variable can be allocated to a register, in- 
creasing the speed even more. For 
example: 


for (i=O; i<10; ++i) { 


ali]=i*(x +y) 
becomes: 
T=x+y; /* Created by optimizer */ 


for (i=0; i<10; ++i) { 
ali] =i*T; 


In-line procedure expansion is a trans- 
formation that provides several benefits. 
Here a call on a function is replaced by 
the body of the function itself. This ap- 
proach saves the cost of a subroutine 
call, which can be quite expensive on 


some machines. It also provides the opti- 
mizer with a larger procedure on which 
to operate, thus gaining some of the ad- 
vantages of interprocedure flow analysis: 


int G; 
int Gl; 
void 
initia, b) 
int a, b; 
G=atb; 
Gl =a-—b; 
int 
procix, y) 
int xX, y; 
int z; 
init(x, y); 
z=(xty)*(x—y); 
return Z; 


The code for proc( ) becomes: 


int 
proc(x, y) 
int x, y; 
{ 
G=xty; 
Gl =x Y; 


return (G*G1); 


Register allocation is an important 
part of generating good code on many 
machines. An optimizing compiler can 
use information obtained during program 
analysis to guide the register allocation. 

For example, a programmer-declared 
automatic variable could be allocated to 
a register even though the programmer 
did not explicitly request it with the reg- 
ister keyword. (Of course, the optimizer 
must be careful not to do this for a vari- 
able to which the & operator has been 
applied.) Other candidates for registers 
are the temporary variables created by 
the optimizer to hold the values of com- 
mon subexpressions and loop invariant 
expressions. 

The example program in Listing 1 is 
an integer matrix multiply. Listing 2 is 
the output of HCR’s PCO on the VAX 
as turned back into C by a tool devel- 


oped at HCR for compiler development. 
We have done some editing to add com- 
ments and make the control structure 
more intelligible. Table 1 shows the re- 
sults of running HCR’s optimizing com- 
piler on some benchmark programs. 
The list of program transformations 
here does not include all of the transfor- 
mations used by optimizing compilers. 
Transformations such as dead store 
elimination, loop induction variable rec- 
ognition, loop unrolling, and vectoriza- 
tion are also common. More information 
on optimization, including additional 
transformations, can be found in the re- 
ferences at the end of this article. 


C language issues 
Two questions have to be answered be- 
fore an optimizer makes a transforma- 
tion. First, does the transformation 
preserve the meaning of the original pro- 
gram? And second, does the transforma- 
tion improve the performance of the 
program? 

An optimizing compiler works by 
transforming the input program into an- 


other program that is equivalent but uses 
the machine resources more effectively. 
It should never introduce bugs. Thus the 
semantics of the language must be de- 
scribed precisely so the developer of the 
compiler knows the transformation 
limits. 

The problem of specifying the seman- 
tics of C is being addressed by the ANSI 
X3J11 committee. Adopting a standard 
for C will clarify some of the issues in- 
volved in writing optimizers for C. Until 
a standard is adopted and the various 
compiler vendors produce conforming 
implementations, however, it is possible 
that differences in interpretation of the 
meaning of C constructs will lead to dif- 
ferent optimization strategies. 

Several aspects of C make it difficult 
to apply the standard program transfor- 
mations. Some of these are shared with 
other programming languages, while a 
few are primarily issues for C. 

Globally accessible variables are a po- 
tential problem in several programming 
languages, including C. Consider the fol- 
lowing example: 


C function to multiply two matrices 


#define MAX 5G 


void 
mmult(a, b, ¢; nl, n2, m) 


int a[MAX][MAX], bLMAX][MAX], c[MAX] [MAX]; 


int nl, n2, m; 


ger) 


for( k = @; k < m; kt ) 
efil[j] += afilik] * bLKILj]; 


{ 
sb ats pee ae) 
for( i = @; i < nl; itt ) 
{ x 
for( 3 = @; 3 < n2; 
elillj] = 9; 
} 
} 
3 
Listing 1. 
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int G; 


funcla, b) 
int a, b; 
mayer 
int i, |; 
G=atb; 
i=subl ); 
j=atb; 


Although the expression a+b appears 
twice in this function, it would not be 
correct to invoke the value identification 
transformation and replace the last line 


with j=G. This is because the subroutine 
sub( ) may have modified the value of 
the global variable G. 

Although C shares this characteristic 
with other languages like FORTRAN 
and Pascal, it has variants that do not 
appear in the other languages: 


int *G; 

void 

save_pirlp) 
int *p; 


G=p; 


Listing 1's function as optimized by PCO 


(Variable declarations are not 


preserved in the optimizer output. 


To get this to compile, declarations would have to be inserted 
by hand. b, m, and k have been assigned to registers R6, R7, 


and Rll, respectively. ) 
mmult( ) 


i= 9; 


if(@ < nl) { /* The compiler doubles loop tests */ 
/* Constant propagation has turned i < nl into @ < nl */ 


void 
modify( ) 


void 
subla, b) 
int a, b; 


int i, j; 
save_ptr(&i); 
i=atb; 
modify( ); 


T12 = @ < n2; /* This expression is loop invariant */ 
do { 
DESAO 
if(T12) { 
R1@ = i * 208; /* More loop invariants */ 
T14 =c+ RIO; 
R8 =a + RIG; ey 
do { = 
Rll = @; 
Tvla = T14 + (3<<2); /* A global common subexpression */ 
*Tvla = @; 
if(M < R7) { 
RQ = 3<<2; /* Two more loop invariants */ 
RI@ = Tvla; 
do { /* The innermost loop */ 
*RIO += *(R8 + coe * *(R6 + R11 * 200 + RQ); 
Rll + 1; 
} while(RLl < R7); 
j 
Se ors 
} wnile(j < n2); 
} 
id= 1; 
: } while(i < nl); 
3 
} 
Listing 2. 
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j=atb; 


Since the loop does not change the 
condition, an optimizer might generate 
code to evaluate the termination condi- 


Even though i is a local variable, it is tion only once. Gl=1; 
accessible to a called function. Hence, an In this case and the signal case, the G2=2; 
optimizer must treat i as carefully as it object referenced does not act like a vari- G3=3; 
would a global variable. This ability is able in the sense that the value might *o=0 


unlike standard Pascal, in which a point- 
er can point only to objects allocated 
dynamically. 

UNIX signals are another source of 
danger for optimizers. A program that 
catches a signal can be interrupted at 
any time. When the signal occurs, the 
procedure that has been specified as the 
signal handler is executed. This proce- 
dure can access or modify any globally 
accessible data before returning. Under 
these circumstances, an optimizer can 
never be certain that the value of a glo- 
bal variable or other globally accessible 
object may not change suddenly. 

For example, consider a routine to 
wait until a signal occurs or some maxi- 
mum delay has expired: 


int SignalHappened = 0; 
int 
TimeOutSignal(delay) 

int delay; 


change without it appearing to be modi- 
fied by the program. In the draft ANSI 
standard, the new keyword volatile is 

used to designate these kinds of objects. 

Declaring an object to be volatile 
warns the optimizer that the usual rules 
for variable access might be violated and 
that transformations relying on these 
rules are unsafe. Some optimizers (in- 
cluding PCO) provide flags to indicate 
that all global objects are volatile. If a C 
implementation does not provide the 
volatile keyword or a flag, then great 
caution must be used when invoking an 
optimizer. 

Pointers can cause difficulties even 
when they are not being used to access 
I/O ports. Much of an optimizer’s analy- 
sis centers on determining when the val- 
ue of a variable can change and to what. 
When a pointer is used (dereferenced), 
an optimizer may no longer know which 
variable has been modified: 


return G1 G2 es: 


It would be tempting to replace the ex- 
pression in the return statement with the 
literal value 6. But since p may have 
pointed to one of the variables involved in 
that expression, an optimizer must forgo 
this transformation. Because C program- 
mers use pointers very heavily, this prob- 
lem arises a great deal in trying to 
optimize C functions. 

The frequent use of casts can also cre- 
ate difficulties. In C, a cast can be used 
to change the effective type of a pointer. 
This means an optimizer cannot use the 
type as an indication that an object is not 
modified by a pointer. 


Performance 

Several program transformations involve 
computing a value and saving it in a 
variable for later use. This kind of trans- 
formation does not always produce faster 


while ((SignalHappened = = O)&& int G1, G2, G3; or more compact code. If the saved value 
(delay >=0)) int must be stored in memory (rather than 
--delay; 


return delay; 


Since SignalHappened does not ap- 


ieee 


Bonchmarles (secs) 


pear to be modified within the loop, an oe le Without With 
optimizer could decide that the expres- - Program PCco! PCO2 improvement 
sion SignalHappened == 0 is loop in- 
wee ad al evaluate it once. 4 — eee ie Se 
é : uzzle 83.9 30.4 64% 
A related problem arises when using Matrix4 47.3 177 63% 
pointers to access I/O ports or other ; 
memory locations that can be changed 
from outside the program: IBM RT PC 
Without With 
#define READY Ox] Program Pco! PCO? Improvement 
i Sieve? 93.3 36.2 61% 
WaitForReady(port) Puzzle 40.8 17.5 57% 
char *port; Matrix4 21.4 25 42% 2 
while. ((*port & READY) == 0) 1. Peephole optimizer used. 
it ie op o i, 2. Peephole optimizer used also. 


3. 400 iterations. 
4. Five iterations. 


Table 1. 
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in a register) and the operands to the ex- 
pression are in registers, it is sometimes 
faster to recompute the expression than 
to reference the memory location. 

In the case of loop invariants, saving 
the value in the temporary variable cre- 
ates overhead that was not present in the 
original program. If the program is to go 
faster, this overhead must be recovered in 
savings on the references. 

Naturally, the trade-off is machine de- 
pendent. Furthermore, it is often the case 
that an invariant or common subexpres- 
sion should be transformed if the saved 
value can be stored in a register, but not 
if it must be stored in memory. 

If an optimizer always assumes that 
the value will be stored in memory, it 
will miss opportunities to make the pro- 
gram run faster. If it assumes that values 
will always be stored in registers, it may 
slow some programs down. 

Another problem can arise if the 
transformed program is not able to use a 
special machine instruction or addressing 
form, or if it uses a slower instruction. 
For example: 


for (i=0; i< 10000; ++i) { 


funcli); 


An optimizer might notice that the ad- 
dress of the subroutine func is loop invar- 
iant and lift it from the loop: 


Rl =&funce; 
for (i=0; i< 10000; ++i) { 
(*R1)i); 


. 
On some machines (such as VA Xes) this 
approach is somewhat faster, but on 
many other machines it is substantially 
slower. 

There are many other examples of 
these kinds of problems. An optimizing 
compiler must be tuned to the machine 
for which it is generating code. Simply 
making every transformation that is safe 
will often result in slower programs. 


Finally, it must be observed that an 
optimizer usually attempts to determine 
dynamic behavior from the static struc- 
ture of a program. Pulling a loop 
invariant out of a loop may make a tre- 
mendous improvement if the loop is ex- 
ecuted a million times, but it can slow 
the program if the loop is not executed at 
all for most input data. Putting a vari- 
able in a register can make access much 
quicker, but it can also slow a heavily re- 
cursive program because of the addition- 
al cost of saving and restoring the 
register on procedure calls. 

Most optimizers are constructed with 
assumptions about the relationship be- 
tween static structure and dynamic be- 
havior. Loops usually execute many 
times and functions usually terminate. It 
is not difficult to fool the optimizer, al- 
though most real programs behave as 
anticipated. 

One approach to solving this problem 
is to make it possible for execution time 
profiling data to guide the optimization 
process. Although this method has prom- 
ise, it leads to the problem of finding a 
representative set of input data to gener- 
ate the profiling information. 


Things to remember 

C contains many challenges to the writer 
of an optimizing compiler. Heavy use of 
pointers, separately compiled modules, 
and possible use-:of volatile data are rich 
sources of traps for the unwary. The opti- 
mizing techniques a compiler might use 
range from simple local optimizations to 
complex transformations using interpro- 
cedural flow analysis. With care, a safe 
and effective optimizer can be written 
for C. 

Many of the program fragments we 
have used as examples can be turned into 
programs to test whether or not a com- 
piler does a certain kind of optimization. 
Such tests can be useful in comparing 
the claims of competing optimizing 
compilers. 

You may find it interesting to see if 
you can trap the optimizer into making 
an unsafe transformation. Such problems 
can be very difficult to find because 
slight changes in the program (such as 


adding debugging code) can change the 
transformations and make the problem 
disappear, only to reappear when the 
original code is restored. 

It is also instructive to study a ma- 
chine’s architecture and implementation 
to see which transformations might be 
ill-advised. This information can then be 
used to develop test programs to deter- 
mine if a compiler is properly tuned to 
the target machine. 

An optimizing compiler can free the C 
programmer to concentrate on other is- 
sues, such as the best algorithm or user 
interface to use. The drudgery of produc- 
ing efficient code for a given program on 
a given machine can be left to the 
compiler. 
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__Peephole 
Optimization 
n Forth 


eephole opti- 

mization of 

Forth colon 

definitions can 
lead to significant improvements in ex- 
ecution speed. The optimization tech- 
nique relies on the recursive substitution 
of complex machine-coded primitives for 
sequences of simple operations. This opti- 
mization results in significant improve- 
ments in run-time performance without 
undue overhead in memory usage or 
compilation. 

The execution speed of many Forth 
programs can be increased by rewriting 
key colon definitions as equivalent ma- 
chine-language CODE definitions. This 
technique can be particularly fruitful 
when the most time-critical parts of a 
program can be clearly identified. For 
example, a colon definition that is re- 
peatedly executed within an iterative 
loop might be optimized in this way. 

A related technique for optimizing for 
speed is to use a compiler to translate co- 
lon definitions directly into executable 
machine code. The use of such a compil- 
er yields significant improvements in the 
speed of a compiled program. However, 
the size and complexity of the compiler 
itself may sometimes limit its 
application. 

A compromise between these two tech- 
niques is to optimize only certain, com- 
monly used sequences of Forth operators 
by replacing these sequences with ma- 
chine-code routines. A threaded-code op- 
timizer, invoked whenever a colon 
definition is compiled, can be used to 


By Richard Wilton 


recognize such sequences. Because it can 
be implemented in a relatively small 
amount of code, this optimizer provides a 
general mechanism for optimizing colon 
definitions without significantly increas- 
ing compiler complexity. 


The process 

In peephole optimization, a language 
translator looks at short sequences of 
translated code to determine whether 
they can be optimized. A threaded-code 
optimizer performs such local optimiz- 
ation of Forth threaded code by examin- 
ing the most recently compiled sequence 
of compilation addresses in a nascent co- 
lon definition. 

As each compilation address or literal 
value is laid down by the compiler, the 
threaded-code optimizer looks at the 
most recently compiled sequence of two 
or three addresses. If the sequence can 
be optimized, the threaded-code optimiz- 
er replaces the entire sequence with the 
compilation address of a machine-code 
routine that performs the same function. 

This procedure is best demonstrated 
by a simple example. Consider the fol- 
lowing definition: 


: ADROP (nl n2 n3 n4 -- ) 
DROP DROP DROP DROP ; - 


Without threaded-code optimization, 
4DROP is compiled as a sequence of 
four consecutive references to DROP 
(Figure 1). The compilation proceeds in 
a linear fashion from start to end of the 
definition. 

With threaded-code optimization, the 
process is somewhat different (Figure 2). 
The colon definition compiler begins by 
compiling the first DROP in the defini- 


tion. The threaded-code optimizer cer- 
tainly can’t optimize that. However, 
when the compilation address of the sec- 
ond DROP is laid down, the threaded- 
code optimizer collapses the sequence 
DROP DROP into a single reference to 
2DROP. The same thing occurs when the 
threaded-code optimizer encounters the 
second DROP DROP sequence later in 
compilation. 

The resulting optimized definition con- 
tains two fewer compilation addresses 
than its unoptimized analog. Not only is 
the definition shorter, it also executes 
faster. 


Implementing the optimizer 

The simplest way to implement a thread- 
ed-code optimizer is to build a table of 
optimizable sequences, each with its cor- 
responding machine-code substitute. In 
the following example, the optimizable 
sequences are DROP DROP, DROP 
2DROP, and 2DROP 2DROP, and the 
machine-code substitutes for these se- 
quences are 2DROP, 3DROP, and 
4DROP: 


CREATE SeqTable 


]DROP DROP 2DROP 
DROP 2DROP 3DROP 
2DROP 2DROP 4DROP 


[ 


Each time the colon definition compil- 
er adds an address to the body of a colon 
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Compiling 4DROP without threaded-code optimization 
lad 
of DROP 


compilation address | compilation address 
of DROP of DROP 


compilation address | compilation address | compilation address 
of DROP of DROP of DROP 

' | compilation address | compilation address | compilation address | compilation address 
of DROP of DROP of DROP of DROP 


Figure 1. 


Compiling 4DROP with threaded-code optimization 


compilation address 
of DROP 

compilation address | compilation address ces 
of DROP of DROP : 


Threaded-code optimization collapses DROP DROP to 2DROP 


| compilation address 
of 2DROP 


_ | compilation address | compilation address 
Bis: of 2DROP of DROP 

compilation acces compilation address | compilation address 
of 2DROP of DROP of DROP 


Threaded-code optimization collapses DROP DROP to 2DROP 


compilation address 
of 2DROP 


: jleon address 
of 2DROP 


Figure 2. 
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definition, it calls the optimizer. The op- 
timizer compares the most recently com- 
piled sequence of compilation addresses 
with the sequences in its table. If it finds 
a match, the threaded-code optimizer re- 
places the just-compiled sequence with a 
single compilation address taken from 
the corresponding table entry. 

This table-driven approach has several 
advantages. Using a table simplifies the 
code for the threaded-code optimizer it- 
self. It is easy to write a new CODE defi- 
nition that corresponds to a particular 
sequence of Forth operators and then 
add it to the table. Also, sequences can 
be optimized recursively if they appear in 
the proper order in the table. 

To implement a threaded-code opti- 
mizer in this manner, it is best to include 
it within the colon definition compiler it- 
self. In this example, the compiler 
searches the Forth dictionary for a name 
whose address is passed to the compiler 
on the stack; if the name is in the dictio- 
nary and not a compiler word (such as 
IMMEDIATE), the compiler compiles 
the named reference and calls the 
threaded-code optimizer: 


: COMPILER ( addr -- ) 


FIND @DUP \search Forth 
dictionary 
IF IMMEDIATE? 
IF EXECUTE 
ELSE , TCO \compile and 


call the optimizer 
ELSE NUMBER? NOT ABORT” is 
undefined” 
NUMBER, 
THEN ; 


The exact technique for including a 
threaded-code optimizer in a particular 
Forth compiler depends of course upon 
the compiler’s implementation. 


Why it works 

A threaded-code optimizer optimizes co- 
lon definitions for several reasons. The 
most important of these is that it signifi- 
cantly decreases the number of times the 
Forth inner interpreter executes within a 
program. The use of more efficient ma- 
chine-code sequences and the decreased 
length of compiled colon definitions are 
also contributing factors. 


TTTITTT 


Avoiding the inner interpreter. In a 
well-designed Forth interpreter, only a 
very small number of machine instruc- 
tions are executed within a Forth primi- 
tive such as DUP or + or a sequence 
such as <variable> @. 

Consider the following machine-code 
definitions in a Forth system running on 
an Intel 8086 microprocessor (the size of 
each machine instruction is given in 
bytes, the nominal execution time for 
each instruction in CPU clocks): 


PROC NEXT | 
LODSW \1 byte, 12 cycles 
BX, AX MOV \2 bytes, 2 cycles 


[BX] JMP \2 bytes, 21 cycles 
END-PROC 
CODE DUP (n -- nn) 
AX POP \1 byte, 8 cycles 
AX PUSH \1 byte, 10 cycles 
AX PUSH \1 byte, 10 cycles 
NEXT JMP \3 bytes, 15 cycles 
END-CODE 
CODE SWAP (nl n2 -- n2 nl ) 
AX POP \1 byte, 8 cycles 
BX POP \1 byte, 8 cycles 
AX PUSH \1 byte, 10 cycles 
BX PUSH \1 byte, 10 cycles 
NEXT JMP \3 bytes, 15 cycles 
END-CODE 
CODE DROP ( n -- ) 


SP,#2ADD_ \3 bytes, 4 cycles 
NEXT JMP \3 bytes, 15 cycles 
END-CODE 


Counting the number of clock cycles 
required for executing each instruction 
indicates that DUP uses only 28 cycles to 
do the actual work of duplicating the 
number on top of the stack. It then 
spends 50 cycles jumping to and execut- 
ing NEXT. Clearly, the overhead of ex- 
ecuting the inner interpreter is 
considerable in short primitives such as 
DUP, DROP, and SWAP. 

Simply collapsing two of these primi- 
tives into one saves:a trip through 
NEXT. Consider what happens when the 
code for SWAP and DROP are combined 
into a single definition: 


CODE SWAPDROP ( n1 n2 -- n2 ) 


AX POP \ 1 byte, 8 cycles 

BX POP \ 1 byte, 8 cycles 

AX PUSH \ 1 byte, 10 cycles 

BX PUSH \ 1 byte, 10 cycles 

SP,#2ADD \ 3 bytes, 4 cycles 

NEXT JMP_ . \3 bytes, 15 cycles 
END-CODE 


A word like SWAPDROP is more effi- 
cient than the sequence SWAP DROP 
because it eliminates 50 cycles of time 
wasted in NEXT. 

In this example, the code for NEXT 
contains almost as much code as the 
primitives that do the actual work. In 
practice, Forth’s threaded-code inter- 
preter spends over 50% of its time in 
NEXT when sequences of short primi- 
tives such as SWAP DROP or DUP @ + 
SWAP ! are executed. This is why inter- 
preted Forth programs execute signifi- 
cantly slower than assembly language or 
compiled high-level language programs. 

More efficient primitives. A second 
contributing factor to the speed improve- 
ment obtained with threaded-code opti- 
mization is that combining machine- 
language primitives leads to more 
efficient code. 

The SWAPDROP primitive provides a 
good example of this. Once the 8086 ma- 
chine code for SWAP and DROP is com- 
bined in a single sequence, there is no 
need to perform SWAP and DROP in 
linear sequence. Instead, the operations 
can be combined into a single stack 
operation: 


CODE NIP (nl n2 -- n2) 
AX POP \ 1 byte, 8 cycles 
SP,#2ADD \3 bytes, 4 cycles 


AX PUSH \ 1 byte, 10 cycles 
NEXT JMP \ 3 bytes, 15 cycles 
END-CODE : 


Shorter colon definitions. Another 
small but significant factor that contrib- 
utes to threaded-code optimization is 
simply that optimized colon definitions 
are shorter. If the size of the compiled 
program is critical, as it can be in some 
Forth applications, the use of a threaded- 
code optimizer can make an important 
difference. 


What to optimize 

Since a table-driven, threaded-code opti- 
mizer can optimize arbitrary sequences 
of Forth operators, optimization can be 
tailored to a particular application. Some 
possibilities arise in sequences of Forth 
operators that manipulate the Forth pa- 
rameter stack, occur within iterative 
loops, or occur frequently in typical 
Forth programs. 

In programs that rely heavily upon 
stack manipulations, optimizing se- 
quences of the stack manipulation opera- 
tors DUP, SWAP, ROT, and DROP can 
be beneficial. As analysis of the SWAP 
DROP sequence demonstrates, combina- 
tions of these primitives can be much 
more efficient than separate invocations 
of each primitive in a sequence. 

As a rule of thumb, it is good to pay 
particular attention to code within itera- 
tive loops when optimizing for execution 
speed. In Forth, sequences such as 
I+ C@or I 2* + @ typically occur in 
DO loops. These sequences can be col- 
lapsed into very efficient machine-code 
primitives that can then be used by a 
threaded-code optimizer. 

Some of the most common source code 
sequences involve the use of numeric li- 
terals, VARIABLEs and CONSTANTS. 
When regarded as a class, all three are 
simply routines that leave a single value 
on the stack. In most programming se- 
quences, this value is used by an arith- 
metic, memory, or stack operator that 
immediately follows the literal. Because 
of their frequent appearance in typical 
source code, such sequences are prime 


- candidates for optimization. 


Here is a simple implementation of a 
primitive which combines the function of 
a VARIABLE (leaving an address on the 
stack) with the @ operation: 


CODE lit.@ ( -- n) 
LODSW \ AX := address 
BX, AX MOV \ BX := address 
[BX] PUSH \ push n onto stack 
NEXT JMP 
END-CODE 
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A threaded-code optimizer would use 
this primitive to convert a sequence such 
as: 


compilation compilation 
addréss of address 
run-time routine| (address)| of @ 

for numeric 

literal 


into: 


compilation address literal 


of lit.@ value 


Because Forth programs are incre- 
mentally compiled, low-level colon defini- 
tions compiled near the beginning of a 
program are generally executed more 
frequently than high-level definitions 
compiled near the end. Thus there is 
more to be gained by optimizing a se- 
quence of operations in a low-level defi- 
nition (which may be executed thousands 
of times) than by tinkering with a high- 
level definition (which only executes once 
or twice). Such straightforward empirical 
analysis of a program can lead to impor- 
tant improvements in performance. 

A more methodical approach to identi- 
fying optimizable sequences of operators 
involves'a more rigorous analysis of the 
source code for such sequences. For ex- 
ample, a simple table of all two-, three- 
and four-word sequences in your pro- 
gram can indicate which sequences are 
used most frequently. These sequences 
would be candidates for replacement 
with machine-code primitives by a 
threaded-code optimizer. 

Counting sequences of Forth operators 
is somewhat limited, however, because it 
represents a static rather than dynamic 
analysis of a program. The sequences 
that occur most frequently in your pro- 
gram may not necessarily correspond to 
the sequences that are executed most fre- 
quently or have the greatest impact on 
the program’s performance. 


Assessing performance 

Colon definitions compile significantly 
more slowly with a threaded-code opti- 
mizer than without it. This is because the 
threaded-code optimizer must search its 
table of optimizable sequences every time 


; laid down by the 
. The time-criti- 
ode optimizer is 
routine it uses to perform its table 

search; a threaded-code optimizer’s speed 
can be improved either by using a non- 
linear search algorithm or by writing a 
CODE definition to do the search. 

The overall improvement in execution 
speed of a Forth program optimized with 
a threaded-code optimizer can range up 
to 50% or more. The degree of optimi- 
zation is limited by several factors: 

w If few or no sequences in the program 
are optimized by the threaded-code opti- 
mizer, no significant improvement in ex- 
ecution speed can be expected. 

w If the speed of the program is limited 
by hardware, threaded-code optimization 
offers little benefit. For example, a pro- 
gram that spends a great deal of time 
reading and writing a disk or updating a 


video graphics display may not run much meee 


faster even after it is optimized. 

@ The speed of some programs is limited 
by frequent references to complex ma- 
chine-code primitives that cannot be op- 
timized. Examples of such primitives are 
string manipulation routines (such as 
CMOVE), the Forth long division primi- 
tives (such as M/MOD), and routines 
that depend upon access to routines ex- 
ternal to the Forth system (such as 
MS/DOS or UNIX operating system 
utilities). 

Again, if a program is limited in this 
way, threaded-code optimization may not 
significantly increase execution speed. 

Barring such limitations, most Forth 
programs seem to be amenable to 
threaded-code optimization. As an exam- 
ple, J. Galbreath’s well-known Eratos- 
thenes sieve benchmark runs 25% faster 
when processed by a threaded-code opti- 
mizer that optimizes the sequences J +, 
I+ C@ literal +, literal + Cl, OVER 
+, and DROP DROP. | 


Richard Wilton’s book The Program- 
mer’s Guide to PC and PS/2 Video, Sys- 
tems will be published in November 
1987 by Microsoft Press. His interests 
include computer applications in video 
graphics, astronomy, and clinical 
medicine. 
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TAKE TURBO TO THE LIMIT. 


urbo OPTIMIZER™ helps you squeeze down, rev up, and fine tune your 
compiled Turbo Pascal programs. Now there's no need to write in 
assembler...you program faster and easier in the language you love. 


A LEANER TURBO 
Small programs of 12K bytes are often reduced to only 2K. 
Medium-sized programs can shrink by 7K bytes. 


The Object Code Compactor makes code smaller by automatically removing 
the unused portions of the run-time library as well as unused procedures 
and functions in your own code. 


You save valuable disk and RAM space. 


A FASTER TURBO 


The Object Optimizer scans the object code and removes 
unnecessary instructions like null jumps and register reloads. 
Your Turbo Pascal programs run up to 30% faster. 


CALL ON THE LIBRARIAN 


| Store compiled versions of your often-used procedures in 

relocatable form using The Object Librarian. The Object Librarian 

| then creates External procedures that you include in your source 
code. You cut compile time. 

| ‘A real lifesaver...I saved 


10K bytes in the latest version of Note-It®” 
Dave Whitney, author, Note-It 


Call or send today for Turbo 
OPTIMIZER. It's only $75. (With 
source code, $125) Call toll free 
for credit card orders: 


(800) 538-8157 xs30 
(800) 672-3470 x830 in CA. 
Satisfaction Guaranteed or your 
money back within 30 days. 


For other information call (408) 438-8608. 
Shipping and taxes prepaid for U.S.and 
Canadian customers. Others please include 


$6 per item for shipping. 
t zac : 


TurboPower Software, 3109 Scotts Valley Dr, Suite 122, Scotts Valley, CA 95066 
© 1987 TurboPower Software 
These products require Turbo Pascal 3.0 (standard, 8087, or BCD), PC-DOS 2.X or 3.X, and IBM PC/XT/AT or compatibles. 
Note-It is a registered trademark of Turner Hall Publishing, a division of Symantec. 
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More ways to take Turbo to 
the limit: ‘ 
T-DebugPLUS, the symbolic 
run-time debugger, only $60, 
Turbo EXTENDER breaks 

the 64K barrier, only $85, 
TurboPower Utilities, nine 
powerful programs, only $95 
with source. 


VALIDATED 


Meridian’s AdaVantage™ v2.0 
compiler is a complete 
implementation of the Ada® language 
that has been validated on the 
IBM PC/XT, IBM PC/AT, and the 
Zenith Z-248. Most of the 
representation clauses and 
implementation-dependent features 
are also available including 

Apragma pack 

asize specification 

atask storage size 

afixed point small 

Arecord representation clauses 

aaddress clauses 

apackage system 

arepresentation attributes 

apragma interface 

aunchecked storage deallocation 

Aunchecked type conversions 


The compiler includes a complete set 
of utilities for managing the Ada 
program library and all of the 
standard packages including text_io, 
system, and calendar. 


BEST PRICE 
PERFORMANCE 


The Meridian AdaVantage 

compiler demonstrates the best 
price/performance of any PC Ada 
compiler. The compiler sells for $795 
in single quantities and it compiles 
about 1000 lines per minute on an 
IBM PC/AT. 


Ada is a registered trademark of the U.S. Government (AJPO). AdaVantage, AdaTraining, and AdaStarter are 
trademarks of Meridian Software Systems, Inc. References to other computer systems use trademarks 


owned by the respective manufacturers. 


CONFIGURATION 


The compilers all run in a standard 
PC configuration with 640K of 
memory, a hard disk, and DOS v2.1 or 
higher. 


In addition to the production 
compiler, two other versions are 
available for general training and 
student use. The AdaTraining™ 
compiler sells for $395 and is 
intended for corporate and university 
educational environments. The 
AdaStarter™ compiler, priced at $129, 
incorporates all of the features of the — jntormation. call toll-free 
AdaVantage production compiler, 1-800-221 2522 

with certain limitations on the number : 

of library units and the number of aT 
lines per compilation unit allowed. 

The full price of the AdaStarter 
compiler can be applied to a later 
purchase of the AdaVantage 
production compiler. 


To order today, or get more 


ADDITIONAL 
PRODUCTS 


Two optional packages, priced at $50 
each, that provide DOS environment 
support and miscellaneous utility 
routines are currently available. A 
source-level debugger and Ada 
editor will be available this Fall. 


23141 Verdugo Drive, Suite 105 
Laguna Hills, CA 92653 
800/221-2522 (outside Calif.) 
714/380-9800 (inside Calif.) 
Telex: 650-268-0547 MCI 
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| n this introduction 
to Ada tasking, I 
will develop sever- 
f al self-contained 


sensor-monitoring programs that you can 
compile, link, and run on an any fully 
validated Ada system. I have chosen a 
sensor-monitoring problem because it of- 
fers a simple vehicle for explaining Ada 
tasking, Ada syntax rules, and typical 
Ada run-time systems, without the com- 
plications of being abstract or dependent 
on external hardware. 

Note that without tasking, the moni- 
toring problem would require a polling 
solution (periodic sampling). Tasking is a 
fundamental concept in monitoring, oper- 
ating systems, and other real-time re- 
source control problems. 

This article assumes that the reader 
has a reasonable understanding of some 
of the nontasking parts of Ada: type- 
marks, objects, attributes, packages, pro- 
cedures, functions, and basic program 
structure. If not, I suggest reading my 
article ““Ada for Conventional Language 
Programmers,” (COMPUTER LAN- 
GUAGE, Dec. 1986, pp. 32-44) or any of 
the references listed at the end of this 
article. 

Source code for each example can be 
found on the COMPUTER LAN- 
GUAGE Bulletin Board Service and 
CompuServe forum. All programs have 
been tested and run on the DEC VAX 
Ada v. 1.3, Telesoft VAX Ada 3.1, and 
Alsys IBM PC Ada v. 1.2 systems. 


By A. Tetewsky 


What is tasking? 

The Ada Language Reference Manual 
defines tasks as “‘... entities whose execu- 
tion proceed in parallel in the following 
sense. Each task can be considered to be 
executed by a logical processor of its 
own. Different tasks (different logical 
processors) proceed independently except 
at points where they synchronize.” 

The sensor-monitoring problem has at 
least two software tasks: SENSOR_ 
TASK, which performs and displays a 
measurement whenever a timer or inter- 
rupt event occurs, and OPERATOR_ 
TASK, which allows a person to interac- 
tively change program parameters. Both 
of these tasks can proceed independently 
except at synchronization points, which 
occur when OPERATOR_ 

TASK communicates changes to 
SENSOR_TASK. 


The only missing ingredient is a pro- 
grammable hardware timer that can gen- 
erate interrupts at a specified rate. 
Although PCs have hardware timer 
chips and Ada allows for a high-level 
specification of hardware locations, in 
the interest of portability the program- 
mable hardware timer will be simulated 
by a third task, IVTERRUPT_ 
GENERATOR_TASK. 

Figure 1 summarizes the sensor-moni- 
toring problem. In this problem, the in- 
terrupt generator (either hardware or 
software simulation) would send out a 
stream of interrupts or some other calls 
at specified intervals. Concurrently, a 
monitoring program would look for those 
interrupts or operator commands. An op- 
erator task would also be running, look- 
ing for input from a person. When a 
valid command is received, the operator 
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task would dispatch the command to the 
other tasks. 

Temporarily ignoring the OPERA- 
TOR_TASK, Listing 1 shows an Ada 
representation of the problem. SEN- 
SOR_TASK waits until it receives an 
entry call from either the interrupt gen- 
erator or operator task, then does some 
other processing. When finished, 
SENSOR_TASK returns and waits for 
another interrupt to come in. 

The interrupt generator is an endless 
loop that makes an entry call every 
PERIOD seconds to the sensor task. 
When the Ada run-time system deter- 
mines that the entry call and accept are 
both available, the event is accepted. 
This process is known as an Ada 
rendezvous. 

If the entry calls come in faster than 
they can be serviced, they will be stored 
in an internal queue. Although the sim- 
ple INTERRUPT_GENERATOR_ 
TASK implementation shown in Figure 1 
will suspend until the entry call is ser- 
viced, you can add more logic (select 
statements) for increased flexibility. It is 
also relatively easy to implement mail- 
boxes, semaphores, signals, and other 
traditional tasking constructs using the 
rendezvous. 

Assuming a correct design, implement- 
ing an Ada tasking program requires 
three steps: 

1. Creating tasks that make entry calls 


Listing 1. 
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and/or have accept statements. 

2. Hooking up logic for making and 
accepting the entry calls (with optional 
SELECT/DELAY/ELSE/TERMINATE 
constructs). 

3. Splitting up the design into appro- 
priate Ada units and getting the design 
to compile while satisfying Ada’s type 
checking across all units. 

Some other important points to re- 
member about tasking are: 
wTasks are intimately related to type- 
marks. If you use the typemark proper- 
ties carefully, it is easy to clone multiple 
copies of tasks, instantiate different ver- 
sions of them, and, by using pointers, 
dynamically create tasks as needed. 
mw When a task is declared uniquely with- 
out a task type, its type is anonymous. 
Avoid anonymous task types unless you 
only need one copy of a task. 
wUse pointers (access typemarks) to task 
objects created from task types. You not 
only gain the ability to dynamically cre- 
ate tasks, but you can eliminate many 
syntax problems. Designs can be dynami- 
cally reconfigured, and it is easier to par- 
tition your tasking design into Ada 
packages. 
wKeep the terminology of entry call, en- 
try statement, and accept statement 
straight. 
mw Understand the rules for select state- 
ments and their various alternatives: else, 
delay, or terminaté:~ 


Ada task types 

You will see that task types (or task ty- 
pemarks) are just like any other type 
when it comes to defining and placing 
them in packages, procedures, and func- 
tions. However, several important differ- 
ences make task types distinct from 
other types. 

First, task types have bodies with an 
identical structure to procedures and 
functions using a declare-begin-excep- 
tion-end syntax. Also, task-type specifi- 
cations can have entry statements within 
their specification portion. And task type 
bodies must occur after all type and sub- 
program specifications and object 
declarations. 

Tasks are derived from task types; to 
create a task, you must first create a task 
typemark for it and place it in the de- 
clarative region of a package, procedure, 
or function. Typical type declarations 
are: at 


-- six-digit floating point 

-- typemark 

type REAL_6_TYPE is digits 6; 

-- record typemark 

type POSITION_RECORD_TYPE is 


record 
xX :REAL_6_TYPE; 
Y :REAL_6_TYPE; 
ID_TAG — :INTEGER; 

end record; 


-- task typemark with no entries 


task type 
INTERRUPT_GENERATOR_TYPE; 
-- task typemark with an entry 
-- (entries are explained later) 
task type SENSOR_TASK_TYPE is 
entry MEASUREMENT_INTERRUPT; 
end SENSOR_TASK_TYPE; 


You can also place a task type specifi- 
cation definition wherever Ada allows 
you to place a typemark definition. To 
use these types, you declare objects to be 
of the following types: 


-- X, Y objects 

-- with six digits 

X, Y: REAL_6_TYPE; 

-- two records 

P1, P2: POSITION_RECORD_TYPE; 

-- a sensor task 

SENSOR_TASK: SENSOR_TASK_TYPE; 
-- two more sensor tasks 

ST_1, ST_2 : SENSOR_TASK_TYPE; 


Unlike simple typemarks for scalars, 
records, and arrays, task typemarks also 
have bodies. As with any Ada body, 
there are declare, begin, exception, and 
end portions. After all of the types have 
been defined and any objects have been 
declared to be of those types, the bodies 
of the task types must be defined. A 
typical task type body is shown here: 


task body 
INTERRUPT_GENERATOR_TASK_TYPE 
is 
-- any other typemarks 
. -- and object declarations 
begin 
loop 
delay 1.0; 
-- an entry call 
SENSOR_TASK. 
MEASUREMENT_INTERRUPT; 
end loop; 
exception 
when others= > 
PUT_LINE(’’ some error *’); 
end 


INTERRUPT_GENERATOR_TASK_TYPE; 


Unlike procedure and function subpro- 


gram bodies, the code executes concur- 
rently with other tasks and is not 
reentrant; although procedures and func- 


Glossary of Ada terms 


Access values. Ada terminology for 
pointers. For example, type 
INTEGER_-POINTER_TYPE is ac- 
cess INTEGER; INTEGER_ 
POINTER: INTEGER_POINTER_ 
TYPE,. An object of this type is a 
pointer to objects of type INTEGER. 

Accept do-end block. Similiar to 
the accept, but statements between 
the do-end block are executed during 
the rendezvous. 

Accept statement. Located in task 
bodies, it is the target of an entry call. 
For each accept statement, there must 
be an entry statement in the specifica- 
tion portion of the task type. 

Alternatives. The or or else portions 
of a select statement. Alternatives can 
either be accepts and delays, accepts 
and terminates, accepts and elses, en- 
try calls and delays, or entry calls and 
elses. Accept and entry call alterna- 
tives cannot be mixed in the same se- 
lect or end-select construct; however, 
new selects can be nested after an al- 
ternative accept, entry call, delay, or 
else. 

Anonymous task type. A degenerate 
form of the task typemark definition. 
A task type is not explicitly defined; it 
is implicitly defined when a single 
task object is created. 

Dead lock. A situation in which 
several tasks are unconditionally wait- 
ing on entry calls and accepts that 
can never be satisfied. 

Entry statement. For every accept 
statement within the body of a task, 
there must be an entry statement in 
the specification portion of the task 
type. 

Entry call. An entry call names a 
target task and accept statement (the 
entry name) using dot notation. 

New. Similar to the C malloc func- 


tion. New will dynamically create new 
objects and pass pointers to a pointer 
object. New will also copy all type- 
mark properties of an existing type 
but will disallow direct assignments 
between the new and parent type. 

Pointer. See access value. : 

Rendezvous. Occurs when a task 
with an accept statement and another 
task with an entry call are both wait- 
ing on each other. When the run-time 
system allows communication (the 
rendezvous), the calling task suspends 
while the called task executes the 
statements in the accept do-end block. 
After the rendezvous, both tasks con- 
tinue to execute concurrently. Ren- 
dezvous are also known as synchro- 
nization points. 

Representation clauses. These allow — 
hardware to be mapped into specific 
memory and Ada objects. Accept 
statements can be told to accept entry 
calls from hardware interrupt loca- 
tions, objects can be located at specif- 
ic addresses, types can be forced to 
take on specific lengths and internal 
bit pattern representations, and align- 
ment in memory can be specified. 

Select statement. These allow ac- 
cepts, entry calls, delays, elses, and 
terminates to be logically combined 
into timed entry and accept 
constructs. 

Synchronization and task switching 
points. Any statement that causes the 
Ada run-time system to update its in- 
ternal queues. The Ada Language 
Reference Manual only guarantees 
that isolated delays and accept and 
entry calls are synchronization points. 
Vendors can add other points. 

Task type or task typemark. The 
method for specifying task interfaces 
and their bodies. 


tions can be recursive, tasks can not. If a 
task calls one of its own entries, a dead- 
lock situation occurs; the entry call can 
never be accepted because the accept 
statement can only be reached if the task 
is executing the accept statement, yet the 
task suspends when it makes the entry 
call. Therefore the accept statement for 
that call can not be reached. 


Structure and terminology 

Having dispensed with the initial task-ty- 
pemark placement, I can now focus on 
the structures within tasks. 

First, some terminology. Consider the 
calling (NTERRUPT_GENERATOR_ 
TASK or IG_TASK) and called (server 
Sensor Task or ST_TASK) tasks shown 
in Listing 2. I have placed parallel ex- 
ecuting units of code side by side in this 
listing to emphasize the concurrency. 

The particular calling task IG_ 
TASK_TYPE has no accept statements 
within its body, so its specification part 
contains no entry statements. On the oth- 
er hand, ST_TASK_TYPE has an ac- 
cept statement. 


callee 


caller, IG_TASK TYPE 


task type 


=> an entry Statement — 


For every accept statement within a 
task type body there must be an entry 
statement in the task type specification. 
Entry statements appearing in the speci- 
fication portion of a task type indicate 
how a task can be called by another task. 
Accept statements in the body of the 
task type indicate where these calls are 
accepted and what action is to be taken. 
The specification portion must name all 
entry statements so that the Ada compil- 
er can check the calling interfaces. Task 
bodies can have both entry calls and ac- 
cept statements. 

When a calling task makes a call to an 
accept statement within another task (for 
example, the body of IG_TASK_TYPE 
contains the entry call ST_TASK.MEA- 
SUREMENT_INTERRUPT,), it is re- 
ferred to as an entry call. Ada tasking is 
asymmetric in the sense that the accept 
statement has no implicit knowledge of 
who is calling it unless you pass that as a 
parameter, while the calling task must 
explicitly name a task when it makes an 
entry call. When the entry call is accept- 
ed,.a rendezvous takes place. 


ST TASK TYPE 


ST TASK TYPE is 


~ 


eee se ae i entry MEASUREMENT INTERRUPT; 
haus, atest? end ST TASK TYPE? ‘ 


-- task object declarations 


IG_TASK: 
ST TASK: 


IG TASK TYPE; 
ST TASK TYPE; 


Pcie oes 
' task body IG TASK TYPE is 

_ loop 

delay 1.0; 

I = an unconditional entry call 


Listing 2. 
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task body ST TASK TYPE is 
begin 


loop 
-—- a parameterless accept 
— statement 
-- block until a call comes 


exception 
when others=> 


null; 


end ST TASK TYPE; 


To make an entry call to another task, 
you must name the task and the entry, in 
this case ST_TASK.MEASURE- 
MENT_INTERRUPT,. Therefore, the 
object declaration of ST_TASK: 
SENSOR_TASK_TYPE; had to occur 
before this body was defined. Otherwise, 
the Ada compiler would reject the entry 
call ST_TASK.MEASUREMENT_. 
INTERRUPT. As usual, you can’t call 
procedures, functions, or tasks unless 
their specifications have been previously 
defined and declared. 

Given the definitions of entry call, en- 
try statement, and accept statement, I 
can now focus on the various ways tasks 
can be hooked together. The body stubs 
in Listing 3 illustrate several of the basic 
principles. The procedures IG_TASK, 
ST_TASK, and MAIN are shown. 

When the MAIN procedure starts ex- 
ecution at the begin statement, all tasks 
declared within MAIN become active. 
MAIN, IG_TASK, and ST_TASK will 
start executing concurrently until they 
hit either an entry call, accept statement, 
or delay statement. When the entry call 
or accept statement is an isolated state- 
ment, the task will suspend until a ren- 
dezvous occurs. Thus the IG_TASK will 
wait until its STARTUP entry is called. 

Simultaneously, ST_TASK will start 
looping and carry out actions A and B. It 
will stop when it reaches the first accept 
statement and either wait for an entry 
call (unless JG_TASK has already called 
MEASUREMENT_INTERRUPT) or 
terminate. 

While this is happening, JG_TASK is 
waiting on the STARTUP accept state- 
ment. When the MAIN entry call ren- 
dezvouses with the IG_TASK 
STARTUP accept statement, IG_TASK 
will start looping. Given that both the IG 
and ST tasks have now carried out ac- 
tions 1 and 2 and A and B in parallel, 
both are now ready to carry out the first 
ST_TASK<->IG_TASK rendezvous. 

Note that MAIN is waiting on its end 
statement for all other tasks to finish. 
The first entry call made by IG_TASK, 
ST_TASK.MEASUREMENT_ 
INTERRUPT, is unconditional in the 
sense that until it is serviced JG_TASK 
can’t continue. 


However, the second entry call made 
by IG_TASK is enclosed in a timed 
(conditional) select alternative construct. 
It is timed in the sense that if it is not 
serviced within 0.1 seconds, it will print a 
message and continue on. 

In general, the following entry call se- 
lect constructs are allowed: 


-- unconditional entry call, 
-- the task will wait until 
-- the rendezvous 
ST_TASK.MEASUREMENT_INTERRUPT; 
-- timed entry call, wait a 
-- specified amount of time 
-- after which perform the delay 
-- alternative. 
select 
ST_TASK.MEASUREMENT INTERRUPT; 
or 
delay WAIT_SECONDS; 
-- other actions here. 
-- if no rendezvous occur 
-- within WAIT_SECONDS. 
end select; 


If the delay expression is negative or 
zero, it is taken immediately. If the delay 
is always to be zero, you can replace it 
with an else. In addition, the delay 
amount can be an expression; it will be 
evaluated just before the select statement 
is encountered. 

The accept side has a similar set of 
rules: 


-- unconditional accept, this 
-- task will suspend until the 
-- the rendezvous occurs. 
accept MEASUREMENT_INTERRUPT; 
-- select alternative with 
-- delays wait for some entry 
-- calls for WAIT_TIME seconds 
select 
accept MEASUREMENT_INTERRUPT; 
or 
... other accepts 
-- unlike selects with 
-- only one entry call, 
-- there can be multiple 
-- accept alternatives. 
or 
delay WAIT_TIME; 
-- other actions 
end select; 


You can have several delay statements; 
the one expiring first is taken. Again, if 
you know in advance that all delays will 
be zero, they can be replaced with a sin- 
gle else alternative. 

One other interesting case for selects 
with accept alternatives is the terminate 
alternative. When you replace the delay 
or else alternatives with a terminate, the 
task will wait for an entry call or wait 
until all other parent and child tasks 
have finished executing. If the Ada run- 
time system determines that all other 
tasks have shut down or are also waiting 
on their terminate alternatives, the ter- 


task type IG TASK TYPE is 
entry STARTUP; 
end IG TASK TYPE; 


IG TASK: IG TASK TYPE; 
ST TASK: ST_TASK TYPE; 


task body IG TASK TYPE is 


minate alternative will be taken and all 
tasks with the terminate alternative will 
shut down. 

Ada also provides several other options 
and restrictions. For example, you can 
have Boolean guard conditions on each 
select accept alternative. When the 
guard expressions are false, the accept 
alternative can not be taken. 

There are also predefined attributes 
(‘CALLABLE and ‘COUNT) that let 
you determine if a task is callable and 
what the number of entries already wait- 
ing on an accept queue is. However, these 
numbers can sometimes be misleading 


task type ST TASK TYPE is 


begin begin 

-— unconditional accept 

accept STARTUP; 

While ENABLED loop 
— action 1 — action A 
=- action 2 — action B 
— unconditional entry call —- select alternatives 
ST_TASK MEASUREMENT INTERRUPT; select : 
— action 3 accept MEASUREMENT INTERRUPT; 
— action 4 or ee 
— a timed entry call select — if all other tasks are done 
select — or waiting on terminates. 
ST TASK.MEASUREMENT INTERRUPT; terminate; 
or bibs © end select; 
delay 9.1; = action 
-- d this if no rendezvous -- action D etc... 
-- has occured in .1 seconds 
PUT_LINE(" time out "); 
end select; 
=- action 5 : 

end loop; end loop; 

exception exception 


end 1G TASK TYPE; 


procedure MAIN is 


end ST TASK TYPE; 


- all of the above definitions go in here. 


in 

IG TASK.STARTUP; 
exception 
end MAIN; 


Listing 3. 
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~~ Ada Unit: . TASK DEMO 1 Programmer: 
= file s VAX: TASK DEMO 1.ADA A. K. T 
me PC; TDEMO1 .ADA {c) 1986 
| With TEXT 10; use TEXT 10; 
with CALENDAR; use CALENDAR; 


procedure TASK DEMO 1 is 


—— type-mark definitions and/or task-type-marks specifications 
type INTEGER 32 TYPE is range -2**31..2**31-1; 
task type INTERRUPT_GENERATOR TASK TYPE; 


task type SENSOR TASK TYPE is 
entry MEASUREMENT INTERRUPT; -- task type spec with entries 
end SENSOR TASK TYPE; 
-- object declartions 
SOME. . 32} BIT INTEGER g 
INTERRUPT : GENERATOR ‘ TASK: 
SENSOR 2 TASK : 
— § TASK2, S TASK 3 


INTEGER 32 TYPE; 

INTERRUPT GENERATOR . TASK TYPE; 
SENSOR TASK TYPE; 
SENSOR TASK TYPE; — could create many 


—- of thesel 


-- bodies or any procedures, functions, or task-type-marks. 
task body INTERRUPT GENERATOR TASK TYPE is 
DEMO DURATION ; DURATION — 2:= 15.8; -- seconds 
END DEMO TIME 3: TIME s= CLOCK + DEMO DURATION; 
— the predefined package calendar defines a "+" that 
-- allows type TIME and type DURATION to be added. 
in 
fe =~ generate a periodic pulse train of software interrupts 
— for a specified amount of time using CLOCK from 
-- the Ada CALENDAR package. 


PUT LINE(" generate interrupts for 15 seconds at 1.0 second intervals"); 


while (CLOCK < END DEMO TIME ) loop 
delay 1.9; 
SENSOR_TASK.MEASUREMENT " INTERRUPT; — an entry call 
end loop; 
PUT_LINE(" finished "); 
exception 
when others=> 
PUT ’ LINE (" SOME ERROR in INTERRUPT ’ GENERATOR "); 
one INTERRUPT | GENERATOR TASK TYPE; 


be body SENSOR TASK TYPE is 
begin Se 
eas BM 
-- block until an interrupt entry is received 
— or terminate if all other parent tasks are finished. 
select 
accept MEASUREMENT INTERRUPT; -- the accept for the entry 


stor MEASUREMENT INTERRUPT use #16#FF# 
—— you could tell Ada to accept entries from a hardware 
-~ interrupt location. 
or 
terminate; 
end select; 
PUT_LINE(" MEASUREMENT-INTERRUPT has been received "); 
end loop; 
exception 
when others=> 
PUT | LINE (" SOME ERROR in SENSOR _TASK "); 
end SENSOR . TASK TYPE; 
iis tose Ts ena OL all bodies 
begin 


null; — all tasks in this example have already started at the begin. 


exception 

when others=> 

PUT LINE(" SOME ERROR in MAIN "); 
end TASK DEMO 1; 


Listing 4A. 
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— task type spec with no entries 


because they can be outdated by the 
time you use the information. 

You can also inform the compiler that 
an accept statement is meant to accept 
entry calls from a particular hardware 
location using a representation clause 
(discussed in Chapter 13.5.1 in the Ada 
Language Reference Manual). You can’t 
mix accept and entry call alternatives in 
the same select. If a deadlock situation 
occurs (that is, a task unconditionally 
waiting on an event that can’t occur), 
very little can be done to recover. 


Task types, anonymous task types 
TASK_DEMO_1 (Listing 4A) is a com- 
plete, working, task-type example. The 
program starts out with the with and use 
context clauses. These clauses inform the 
compiler that I will be using Ada’s pre- 
defined packages TEXT_IO and CAL- 
ENDAR (Chapters 14 and 9.6 in the 
Ada Language Reference Manual). 
CALENDAR contains the function 
CLOCK, the typemark TIME, and other 
CALENDAR-related functions, type- 
marks, and operations. 

TASK_DEMO_1 is the main proce- 
dure. It consists of a declare, begin, ex- 
ception, and end. Within the declarative 
section are all types (including task 
types); task, procedure, and function 
specifications; object declarations; and 
bodies. All task objects start up at the 
begin statement. 

When you execute TASK_DEMO_1, 
you will see the output shown in Listing 
4B. The exact number of interrupts re- 
ceived will vary because of the simple 
method used to control the shutdown 
time. 

In the task-type body IVTERRUPT_ 
GENERATOR_TASK_TYPE shown 
here, the value of END_DEMO_TIME 
is determined by CLOCK + DEMO_ 
DURATION, where CLOCK is evaluated 
when the local variables are elaborated 
and initialized: 


task body 
INTERRUPT_GENERATOR_TASK_TYPE 
is 
-- local objects 
DEMO_DURATION: DURATION 
:= 15.0;  --seconds 

END_DEMO_TIME: TIME 
:=CLOCK +DEMO_DURATION; 


begin 
PUT_LINE(’’ gener ... ‘'); 
while 
(CLOCK <END_DEMO_TIME) 
loop 


arellese: 
PUT_LINE(’’ finished ‘‘); 
exception 


end 
INTERRUPT_GENERATOR_TASK_TYPE; 


However, PUT_LINE, as well as any 
miscellaneous elaborations, may take 
enough time to make some difference. 

TASK_DEMO_2 is almost identical 
to TASK_DEMO_1 except that it uses 
a degenerate version of a task typemark, 
the anonymous task. 

If you know that you only want one 
copy of a task and want to make sure 
you don’t accidentally declare multiple 
copies of a task, you can set up an anon- 
ymous task (Listing 5). In the task-type 
example, you can declare multiple ob- 
jects of a task type. In the anonymous 
case, you only get one copy; its object 
declaration is automatically done when 
the task is defined. 

I have found it useful when coding to 
append _7YPE to the name of a task 
type to remind me that it is a type. In 
the case of the anonymous task, I leave 
out the _TYPE because the underlying 
typemark is essentially hidden and the 
task object itself is automatically 
declared. 


Pointers to task types 
TASK_—DEMO_1 has two major limita- 
tions. First, I have to know in advance 
.(at compile time) how many copies of a 
task I want. Second, if I want to 
reconfigure the interrupt generator and 
have it call a different sensor task, | have 
to make the entry call SENSOR 
TASK. MEASUREMENT_INTER- 
RUPT a variable: 


loop 
delay PERIOD; 
SENSOR_TASK. 
MEASUREMENT_INTERRUPT; 
end loop; 


In languages such as FORTRAN, 
Pascal, and C, you could pass a function 
or procedure name into a subprogram, 
allowing for considerable flexibility. 
However, Ada prohibits this passing un- 
less you use generics and create at com- 
pile time specific versions of a task 
template contained within a generic 
package. 

But because task objects are derived 
from task types, you can create a pointer 
to a task and pass pointers either at com- 
pile or run time. Thus you should use 
Ada access variables (pointers) to avoid 
hardwired task names: 


task type SENSOR_TASK_TYPE is 
entry MEASUREMENT_INTERRUPT; 
end SENSOR_TASK_TYPE; 
-- a pointer to this task type 
type SENSOR_TASK_POINTER_TYPE 
is access SENSOR_TASK_TYPE; 


--similiar definition for 


--INTERRUPT_GENERATOR_TASK_TYPE 
task body 
INTERRUPT_GENERATOR_TASK_TYPE 
is 
-- create local storage 
MY_TASK: 
SENSOR_TASK_POINTER_TYPE; 
begin 
--code to initialize MY_TASK 
MY_TASK:= .... 
loop 
delay PERIOD; 
MY_TASK. 
MEASUREMENT_INTERRUPT; 
end loop; 
exception 
etc. 
end 
INTERRUPT_GENERATOR_TASK_TYPE; 


The basic principle is to create a vari- 
able in the INTERRUPT_GENERA- 
TOR_TASK_TYPE that isan access | 


generate interrupts for 15 seconds at 1.9 second intervals 
MEASUREMENT-INTERRUPT has been received 
MEASUREMENT-iNTERRUPT has been received 
MEASUREMENT-INTERRUPT has been received 
MEASUREMENT-INTERRUPT has been received 
MEASUREMENT-INTERRUPT has been received 
MEASUREMENT-INTERRUPT has been received 
MEASUREMENT-—INTERRUPT has been received 
MEASUREMENT-INTERRUPT has been received 


finished. = 
Listing 4B. 


task-type-mark 


task type IG TASK TYPE; 


IG TASK =: IG TASK TYPE; 
IG TASK 2 : IG ‘TASK TYPE; 
task body IG TASK TYPE is 
begin 

exception 

end IG TASK TYPE; 


Listing 5. 


_— because it 158 anonymous, — _ 


‘task body IG TASK is 
oehe a 


eee 


task IG TASK; 


—- there can be only one copy 
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== Ada Unit: TASK DEMO 3 Programmer: 
— File : VAX: TASK DEMO 3.ADA A. K. Tetewsky 
— = pee 'TDEMO3 ADA (c) 1986 


: ‘procedure TASK DEMO 3 is 
== useful types 
‘subtype ID TYPE is INTEGER range 1..9; 


task type SENSOR TASK TYPE is 
entry MEASUREMENT | INTERRUPT? 
end SENSOR TASK TYPE; 
type SENSOR 4 TASK . POINTER TYPE is access SENSOR TASK TYPE; 


task type INTERRUPT GENERATOR TASK TYPE is 

entry TARGET NAME ( Seen 1 SENSOR _! TASK POINTER TYPE 7s 
end INTERRUPT : GENERATOR 4 TASK TYPE; 
type INTERRUPT ' GENERATOR 5 TASK . POINTER TYPE is access 

INTERRUPT ( GENERATOR TASK ee: 

task ALLOCATE ID is 

entry REQUEST  ID( I: out ID TYPE); 
end ALLOCATE ID; 


— objects 2 

ERROR LEADIN : STRING(1..7) := ASCII.ESC & "[20;1H"; — row 20 col 1 
CLEAR SCREEN : STRING(1..4) := ASCII.ESC & "[2J"; — clear the screen 
SENSOR TASK POINTER : SENSOR TASK POINTER TYPE; 


INTERRUPT ( GENERATOR * TASK POINTER: INTERRUPT ( GENERATOR * . TASK POINTER TYPE; 


> bodies of task types and anonymous task types 
task body ALLOCATE ID is 
-- give out a sequence of unique ID's for each sensor task 
-- that is created. 
Ib; ID TYPE := 1; — starting ID 
begin 
loop 
— block until a REQUEST or all other 
—— parent tasks terminte. 
select. 
accept REQUEST ID( I: out ID TYPE) do 
I := ID; 
end REQUEST _ID; 
or 
terminate; 
end select; 


ID := ID + 1; 
end loop; 
exception 
when others=> 
PUT _LINE( ERROR LEADIN & "ERROR in ALLOCATE i 1D Tas! ea 
end ALLOCATE } 1D; 


task body SENSOR TASK TYPE is a 


5 


LEADIN & STRING(1..6) := ASCII.ESC & "[x;1H"; — row x col 1 
DATA - INTEGER s= B; Sean x 
ID : ID TYPE i =- with the ID 


begin — number. 


ALLOCATE ID.REQUEST [D( ID ); 

——- use the id to determine the printing location, task 1 
+ will print on line 1, task 2 on line 2 etc... 
LEADIN(3) := CHARACTER'VAL( CHARACTER'POS('S') + ID ); 


OUTER LOOP: 
loop 
-- block until a measurement interrupt or all other 
— tasks terminate 
select 
accept MEASUREMENT INTERRUPT: 
or 
terminate; 
end select; 


DATA := DATA + 1; 
PUT_LINE(LEADIN & 
“TASK " & ID TYPE'IMAGE(ID) & 
“ READING = " & INTEGER'IMAGE( DATA )); 
end loop OUTER LOOP; 


‘listing 6A. (Continued on following page) 
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variable and hence points to an object of 
SENSOR_TASK_TYPE. By passing an 
appropriate access variable, you can 
change the target task of the entry call. 

In TASK_DEMO_3 (Listing 6A) five 
sensor and interrupt generator task pairs 
will be created on the fly. Each interrupt 
generator will also be passed a pointer to 
the sensor task that it should trigger. 
Listing 6A also contains the ALLO- 
CATE_ID task (Listing 6B), SEN- 
SOR_TASK_TYPE, INTERRUPT_ 
GENERATOR_TASK_TYPE, pointer 
types SENSOR_TASK_POINTER- 
—TYPE, and INTERRUPT_GENERA- 
TOR_TASK_TYPE, one pointer object 
to point to these task types. 

Because multiple tasks are executing 
in TASK_DEMO_3, four enhancements 
have been made so that you can clearly 
see each task executing: 

1. ANSI full-screen terminal displays 
have been used so that each task can 
write to a particular row on the screen. 
For example, ESC/2;1H will place the 
cursor at row 2, column 1, and ESC/2J 
will clear the screen. This will work on 
any VT-100-compatible terminal or IBM 
PC with the ANSLSYS device driver 
loaded in the CONFIG.SYS file. 

2. Because validated Ada systems 
don’t have to support a full text I/O, I 
have used an attribute that will print in- 
tegers and enumeration types without 
having to instantiate integer I/O and 
enumeration I/O. If J is an integer, 
PUT( INTEGER'IMAGE(J) ) will print 
the integer string image of J on the 
screen. 

3. As each task is created, it is as- 
signed a unique ID. A separate task was 
created and an accept statement was set 
up so that only one task could request an 
ID at a time—preventing duplicate IDs 
from being given out. Because each task 
has a unique ID, and because I have 
used a simple integer type for the ID, the 
ID can be used to locate the cursor on 
line ID of the screen. 

The simple-minded ALLOCATE «ID 
task is the first task to pass data—the 
accept has a do-end block. Because only 
one allocator is needed, an anonymous 
task was used. 

4. Given that ESC/x;1H will write to 
row x, column 1, to place the character 
version of each ID in the third position of 


exception 
when others=> 
PUT LINE(ERROR LEADIN & “ERROR in SENSOR TASK TYPE “); 
end SENSOR TASK TYPE; = 


task body INTERRUPE GENERATOR TASK TYPE is 


MY TASK : SENSOR _TASK POINTER TYPE; 

PERLOD : DURATION := 1.9; 

DEMO DURATION: DURATION := 15.9; 

END TIME : TIME := CLOCK + DEMO DURATION; 
begin = 


-- first block until a target name is received 
accept TARGET NAME( T: in SENSOR TASK POINTER TYPE) do 
MY TASK := T; 


the string the intrinsic Ada attributes 


‘POS and ‘VAL are used. These attri- ae ee 
butes also get the numerical position and a See END TIME ) loop 
corresponding values of the ASCII delay PERIOD; 
characters: aa joe ea eee 
and loop? 
exception 
LEADIN: STRING(1..6) := when others=> 
ASCILESC & “Ix; 1H"; PUT LINE(ERROR LEADIN & 
ID : ID_TYPE; "ERROR in INTERRUPT GENERATOR TASK TYPE “); 
begin F end INTERRUPT GENERATOR TASK TYPE; 
-- make an entry call pegin 
-- to get a unique ID. 
ALLOCATE_ID.REQUESTI ID ); SUSE aE Geen ea) 
-- a unique ID is returned. Geo ffi Gees 
-- set position 3 of the string to —— dynamically create 5 sensor tasks and 5 interrupt generators. 
-- the character value of ID. — note that "new" is equivalent to the C malloc function. 
mes ; SENSOR TASK POINTER := new SENSOR TASK TYPE; 
LEADIN(S) := CHARACTER VAL INTERRUPT GENERATOR TASK POINTER := new INTERRUPT GENERATOR TASK TYPE; 
{ CHARACTER'POSI'0') + ID ); — give the interrupt generator a pointer to the sensor task 
-- leadin will now position the -- so that it will know who to make entry calls (similated interrupts) to. 
-- cursor on line ID, column 1. = oe SENSOR TASK POINTER) ; 
In the begin section of TASK_ exception 
DEMO_3, the for loop creates new tasks when others=> 


by using the Ada new allocator: ee 


end TASK DEMO 3; 
SENSOR_TASK_POINTER 


‘= new SENSOR_TASK_TYPE: Listing 6A. (Continued from preceding page) 
INTERRUPT_GENERATOR_TASK_POINTER 
CNY subtype ID TYPE is INTEGER range 1..9; 


INTERRUPT_GENERATOR_TASK_TYPE; 
-- only one task is needed, so use an anonymous task type. 


After creating both tasks, the proce- task ALLOCATE ID is 
dure TASK_DEMO_3 (Listing 6B) entry REQUEST ID( I: out ID TYPE); 
makes an entry call to the newly created end ALLOCATE_ID; 


interrupt generator, passing it a pointer 
to the newly created sensor task so it can 
call the appropriate sensor task. The in- 


task body ALLOCATE ID is 
— give out a sequence of unique ID's for each sensor task 
— that is created. 


terrupt generators will not start until iD: iD TYPE := 1: — Starting 1D of 1 
they receive the entry call: = — ID TYPE'FIRST would be cleaner. 
: begin = 

INTERRUPT_GENERATOR_TASK— loop 

POINTER. TARGET_NAME — block until a REQUEST ID or all other 

(SENSOR_TASK_POINTER); -- parent tasks terminate. 

select 
and it rendezvouses with the TARGET_ eee Se ea) ee 
NAME accept statement. The sensor a REQUEST ID; 
tasks will not start until they have ren- ae 
dezvoused with ALLOCATE_ID. After terminate; 
these preliminary rendezvous occur, each end select; 
interrupt generator will start making -- increment the ID for the next task 
calls to the sensor task pointed to by iD s= ID + 1; ° 
SENSOR_TASK_POINTER. end loop; 
exception 


A snapshop of a typical output screen 
for this task is shown here. Each task 
will run for about 15 seconds: 


when others=> 
PUT LINE( ERROR LEADIN & “ERROR in ALLOCATE ID Task"); 
end ALLOCATE ID; 


Listing 6B. 


PACKAGE ( GLOBAL TYPES AND DATA 
_ PACKAGE ( ; GLOBAL TYPES 7 AND | ) DATA_.ADA 


(spec) 


"package PACKAGE GLOBAL TYPES AND DATA is 
_ type OP_CMD TYPE is (ENABLED, DISABLED); 
subtype ID TYPE is INTEGER range 1..9; 


CLEAR SCREEN:  STRING(1..4) := 
ERROR LEADIN:  § STRING(1..7) := 
_ CMD_LEADIN: STRING(1..7) := 


ee PACKAGE GLOBAL 1 TYPES AND pe 
Listing 7. 


=~ Ada Unit: PACKAGE TASK TYPES 
-—- File : VAX: PACKAGE TASK TYPES .A 
= PC: PTT.ADS 


with PACKAGE GLOBAL TYPES AND DATA; use PACKAGE GLOBAL TYPES AND DATA; 


‘Package PACKAGE TASK TYPES is 


i "task type SENSOR TASK TYPE is 
ia “entry MEASUREMENT INTERRUPT; 


entry COMMAND( A_OP_CMD: OP_CMD TYPE); 


end SENSOR TASK _ TYPE; 


~ PGTAD. ADS 


ASCII.ESC & "[2J"; 
ASCII.ESC & "[20;1H"; 
ASCII.ESC & "[15;1H"; 


Programmer : 
A. K. Tetewsky 
(c) 1986 


type SENSOR TASK 1 POINTER TYPE is access SENSOR TASK TYPE; 


_ task type INTERRUPT | GENERATOR TASK TYPE is 


entry TARGET NAME( T: in SENSOR TASK POINTER TYPE 3 


pepe STEAD ROE Os OP_CMD TYPE); 


ae entry REQUEST ID( I: out ID TYPE); 
end ALLOCATE, 1D; 


ae ‘PACKAGE ; TASK . TYPES; 


Listing 8. 
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TASK 1 READING = 
TASK 2 READING = 
TASK 3 READING = 
TASK 4 READING = 3 
TASK 5 READING = 3 


Packaging task types 

At this point, most of the basics are in 
place. Because task types follow the rules 
of typemarks, Ada’s software engineering 
concepts of dividing up related types into 
separate packages can be used. 

In TASK_DEMO_4, the tasks are di- 
vided into packages. Each task body is 
improved by adding exception handlers 
and additional logic so that operator 
commands can be issued to selectively 
enable and disable sensors by their ID. 

The first package contains global types 
and data that will be made visible to all 
other packages and procedures that with 
and use it (Listing 7). Because operator 
commands to enable and disable the sen- 


sors will be added to the design, an enu- 


meration type OP_CMD_TYPE 
(operator command type) has been add- 
ed, along with JD_TYPE. Escape.codes 
are also created for clearing the screen 
(CLEAR_SCREEN), positioning the 
cursor at lines dedicated to error mes- 
sages, and entering operator commands. 

The specifications for all needed task 
types are given in Listing 8. Notice that 
an entry statement fora COMMAND 
entry point has been added to each task 
so that data of type OP_CMD_TYPE 
can be exchanged between tasks. 

While all of the task bodies could be 
placed in the package body as is, they 
could be improved upon in design and 
the way they handle exceptions. For ex- 
ample, our interrupt generator: 


loop 
delay 1.0; 
MY_TASK. 
MEASUREMENT_INTERRUPT; 
end loop; 


is much too simpleminded for many ap- 
plications. By turning the delay state- 
ment into a selective accept with delay 
alternative, this interrupt generator could 
be turned into a programmable interrupt 
generator with fixed sampling time. Op- 
tions include making the sampling period 


The Quality of 
the MKS Toolkit 


Speaks for Itself. 
(Need We Say More? *) 


“The MKS Toolkit is a terrific product! I depend 
on it every day.” 


“This is a very impressive piece of work and it 
can truthfully be said that it has made my 
PC-clone (NEC V-20 @8MHz) into a computer! 
There is little doubt that MKS is offering the 
package with the most user power for the dollar 
on the market today.” 


a variable and allowing the generator to 
be enabled or disabled. 

If it were important to maintain a 
highly regular sampling time, the simple 


NEXT TIME := 
CLOCK + PERIOD; 
CURRENT CMD := 


eee ee cere salen cit es BABLEDe “T wouldn’t be without the MKS stuff on a PC. And 
5; " - the documentation is superb! I use the MKS man 
died so that, with care, recovery would OUTER LOOP: P 


pages to learn how to use awk and sed more 


be possible. The first step is to improve loop efficiently on our BSD UNIX system at work!” 


the scheduling algorithm to: 


NEXT_TIME := 
CLOCK + PERIOD; 

loop 
delay(NEXT_TIME-CLOCK); 
MY_TASK. 

MEASUREMENT_INTERRUPT; 
NEXT_TIME := 
CLOCK + PERIOD; 
end loop; 


This approach gives a bit more flexi- 
bility when it comes to scheduling the 
next measurement time. While the task 
is delayed, it could also look for an oper- 
ator command. To accomplish this goal, 
a selective wait is added so that while it 
is waiting PERIOD seconds, an operator 
command could be accepted. 

If you wanted to make sure the sam- 
pling period was not irregular, you could 
add an additional delay, NEXT_TIME- 
CLOCK, to finish the delay whenever op- 
erator commands come in—something 
you could not do with the constant 
PERIOD delay: 


NEXT_TIME := 
CLOCK + PERIOD; 
loop 
select 
accept COMMAND(..) do 
CURRENT_CMD: =A_OP_CMD; 
end COMMAND; 
or 
delay(NEXT_TIME - CLOCK); 
end select; 
-- finish the delay 
delay (NEXT_TIME - CLOCK); 
-- entry call 
MY_TASK. 
MEASUREMENT_INTERRUPT; 
-- schedule next time 
NEXT_TIME := 
CLOCK + PERIOD; 
end loop; 


ENABLED LOOP: 
While (CURRENT CMD = 
ENABLED ) f 
loop 
—- wait for a command or 
—- after PERIOD seconds, 
—- do an interrupt. 
select Z 
accept COMMAND(..) do 
CURRENT _CMD:=A_OP_CMD; 
end COMMAND; 
or 
delay (NEXT TIME-CLOCK) ; 
end select; 
--check again if changed 
if (CURRENT CMD = 

DISABLED) then 

exit ENABLED LOOP; 
end if; 

-—- finish the delay 
delay (NEXT TIME-CLOCK); 
=—entisy= Cael 

MY TASK. 

MEASUREMENT INTERRUPT; 
— schedule next time 
NEXT TIME := 

CLOCK + PERIOD; 


end loop ENABLED LOOP; 


—- disabled region. if 
-- enable is received 
— reenter the enabled 
—- loop. When disabled, 
— if all other tasks 
-- are done, terminate. 
select 


accept COMMAND(..) do 
CURRENT_CMD:=A_OP CMD; 
end COMMAND; 


Or 


terminate; 


end select; 
end loop OUTER LOOP; 


Listing 9. 


“The Korn shell is great!” 


“This is a solid product. The program that 
makes my day is cpio, which allows me to move 
files to/from UNIX with minimum hassle and 
preservation of mod dates for make use.” 


“This program is a godsend for anyone who has 
to use both UNIX and MS-DOS...” 


“T like the MKS Toolkit a lot. The idea of having 
the same editor on the PC and UNIX machines 
sure makes my life a lot easier.” 


“, at $139.00 the Toolkit is a bargain. 
. . I hope you all reap the rewards of your 
virtue.” 


“The MKS Toolkit has provided me with UNIX 
capabilities I thought I lost when I moved to my 
PCY 


“I’m impressed with the MKS tools, in particular 
with the breadth of what you provide. . . .I can 
see an order of quality and completeness in the 
MKS tools not found in the PC/VI package.” 


*These are unsolicited comments from MKS 
Toolkit users. 


Price: $139 


Now available in a 
separate package: 
MES! 
Price: $75 


° 

Mortice Kern Systems Inc. 

43 Bridgeport Road East, Waterloo, Ontario, 
Canada N2J 2J4 (519) 884-2251 
For information or ordering call collect. 

Prices quoted in U.S. funds. MasterCard, VISA, American Express, and 
purchase orders accepted. OEM & dealer inquiries invited. UNIX is a 
trademark of Bell Labs. MS-DOS is a trademark of Microsoft Corp. 
Site-licensed to major American corporations. No UNIX licence required. 


CIRCLE 47 ON READER SERVICE CARD 
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~- Ada Unit: TASK DEMO 4 

w~ File : VAX: TASK DEMO 4.ADA 
Per TDEMO4 ADA 
with TEXT 10; use TEXT 10; 


with PACKAGE GLOBAL TYPES AND DATA; 
with PACKAGE ; TASK _ TYPES; 
procedure TASK DEMO 4 is 


-— specs and other needed types 
task FAKE OPERATOR; 


‘task body FAKE OPERATOR is 


Programmer: 
A. K. Tetewsky 
{c) 1986 


use PACKAGE GLOBAL TYPES AND DATA; 
use PACKAGE 4 TASK * TYPES; 


type ST_PTR ARRAY TYPE is array(ID 4 TYPE) of SENSOR . TASK POINTER . TYPE; 
type IG PTR ARRAY TYPE is array(ID TYPE) of 


SENSOR_TASK POINTER 


INTERRUPT _GENERATOR TASK POINTER: 


begin 
PUT LINE (CLEAR SCREEN); 


INTERRUPT GENERATOR TASK POINTER TYPE; 


PUT LINE (CMD _LEADIN & "ENTER COMMAND>"); 


for:l inj 4. 5=loop 


—- dynamically create 5 sensor tasks and 5 interrupt generators. 
-- note that "new" is equivalent to the C malloc function. 


SENSOR TASK POINTER(I) 


:= new SENSOR TASK TYPE; 


INTERRUPT : GENERATOR 1 TASK . POINTER (I ) := new INTERRUPT GENERATOR . TASK TYPE? 
-- give the interrupt generator a pointer to the sensor task 

7- so that it will know who to make entry calls (simlated interrupts) to. 
INTERRUPT GENERATOR TASK . POINTER (I ) - TARGET ” NAME( SENSOR_TASK POINTER(I)) + 


end loop; 

delay 5.9; 

PUT_LINE (GMD _LEADIN & “ENTER COMMAND>DISABLE 3 7 
SENSOR TASK POINTER(3).COMMAND( DISABLED ); 

delay 5.2; 

PUT ) LINE (GMD 1 LEADIN & "ENTER COMMAND>SHUTDOWN ee 
for I in 1 .. 5 loop 


INTERRUPT GENERATOR TASK POINTER(I).COMMAND( DISABLED ); 


end loop; 


aS 
oe 


PUT_LINE (ERROR LEADIN & "END OF DEMO"); 


exception 
when others=> 
-PUT_LINE(ERROR LEADIN & 


"ERROR in FAKE OPERATOR TASK "); 


end FAKE OPERATOR; 
begin 
null; 
exception 
when others=> 


PUT_LINE(ERROR LEADIN & "ERROR in MAIN"); 


end TASK DEMO 4; 
Listing 10. 
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Given that operator commands can 
now be received, the remaining logic al- 
lows the interrupt generators to be en- 
abled and disabled as a function of the 
received command. By wrapping an ad- 
ditional outer loop around the entire sys- 
tem and adding logic so that whenever a 
disable is received the inner loop is exit- 
ed, you can build a system that will nice- 
ly shutdown or reenable, depending on 
what command is received next (Listing 
9). 

When an Ada exception occurs, con- 
trol is transferred to an exception han- 
dler and then to the end of that block. In 
many cases, one wants to have a task 
that can continue on after an exception 
occurs. The basic idea is to nest a new 
block and exception handler within the 
task loop, localizing any ill effects. Thus, 
after an exception occurs and is correct- 
ed, the task continues on: 


loop es = 
TASK_BLOCK: 
begin 
delay PERIOD; 
MY_TASK. 
MEASUREMENT_INTERRUPT, 
exception 
when NUMERIC_ERROR => 
(S} Kenn 
when TASKING_ERROR => 
etc... 
when others= > 
etc.. see LRM C-5 for 
STANDARD errors. 
end TASK_BLOCK; 
-- continue on no matter 
-- what happens 
end loop; 


One danger occurs if you made the 
wrong assumptions about the cause of 
the exception and fail to handle the ex- 
ception so that it continually occurs: you 
start to race around the loop going 
through the same error, exception han- 
dler, and back again. Sometimes you are 
in such a tight loop that no other task 
can get CPU time on a single CPUe 
system. 


Reconfigurable programs 

All of the components are now in place 
to make a reconfigurable program. Un- 
like TASK_DEMO_3, in which a single 


Microport System V/AT and Microport 
System V/386 are fully-licensed imple- 
mentations of the certified AT&T UNIX 


System V Release 3 for personal computers. 


Microport System V provides true multi- 
user and multi-tasking capabilities. It 
runs in protected mode and supports the 
entire address space available; up to 
sixteen megabytes on an AT and up to 
four gigabytes on an 80386. It supports 
all standard hard disks, multiple printers, 
multiple modems, 2 to 17 users on a single 

AT, and an unlimited number of users 

on an 80386. 

Additional features: 

@ Demand-paged, virtual memory 
management. 

@ Virtual consoles allow fifteen virtual win- 
dows of operation for UNIX applications 
and DOS windows under DOS Merge. 

@ Electronic mail, communications with 
uucp and CU. 

® Dynamic buffer allocation. 

e PC-DOS partitioning allows DOS and 
System V files to reside on the same hard 
disk (not required with DOS Merge). 

@ Shared libraries. 

@ 80286 compatibility. 

@ Link kit to allow user installable device 
drivers. 

@ Menu-driven system administration. 

@ On-line help facility. 

Microport Sys Vision™ is a part of both 

System V/AT and System V/386, so you 

won't have to worry about system admin- 

istration. Both are menu-driven and have 
context-sensitive help facilities. Sys Vision 
menus lets you perform all the system 
housekeeping and basic tasks without 
knowing the specific UNIX commands. 

It is menu-driven and has context-sensi- 

tive help facilities. 

RUNTIME PACKAGE. The System 

V Runtime Package contains over 180 

utility programs. It is one of the most 

comprehensive UNIX runtime systems 
currently available and includes the screen 
editor “vi” with user tutorials. 

System V is sold with a two-user UNIX 

binary license. For an additional fee, users 

can obtain a kit to upgrade this license 
to an unlimited number of users. 


List $199 
List $199 


80286: 
80386: 


Ours $169 
Ours $169 


UNLIMITED USER LICENSE KIT. 
Upgrades your System V Runtime for 
an unlimited number of users. 


80286: - List $249 Ours $209 
80386: Ours $209 


,E DEVELOPMENT 

SYSTEM. This programming package 
includes an AT&T C Compiler that makes 
full and efficient use of your processor’s 
extended instruction set. The code pro- 
duced is among the most compact and 


fastest available. 

Sdb, the source level debugger, allows 
display of the actual lines of C code being 
executed. Many useful tools such as SCCS 
(source code control system), make and 
ctrace are also provided. | 


80286: List $249 Ours $209 
80386: List $499 Ours $429 
TEXT PROCESSING SYSTEM. This 


package consists of the complete System V 
Release 2 Documentors Workbench 
(DWB). It includes both the new troff 
(device-independent troff) and the old 


troff (otroff). Drivers for the HP LaserJet | 


Printer and APPLE’s LaserWriter are 
optionally available. 


80286: List $199 
80386: List $199 


Ours $169 
Ours $169 


COMPTI ETE SYST 


COMPLETE SYSTEM V. Includes 
Runtime Package, Software Development 
Package and Text Processing Package. 


IV 3 


80286: List $549 Ours $465 
80386: List $799 Ours $699 
DOS Merge. DOS Merge is a true multi- 


user and multi-tasking environment that 
supports concurrent use of both UNIX 
and DOS. With DOS Merge, you can 
develop software by combining DOS and 
UNIX programs and commands. You can 
even run both UNIX and DOS programs 
that use the same files. And DOS Merge 
386 uses the full capabilities of the 80386's 
memory management so you can run 
multiple DOS programs and UNIX pro- 
gramsatthesametimeondumbterminals. 
DOS Merge 386 comes in two versions: 
a 2-user version and an unlimited-user 
version. 


80286: List $149 
80386 Unltd: List $495 Ours $429 
80386 2 User: List $395 Ours $345 
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Ours $125 | 


Microport Products 


List Ours 

System V/ 386 Complete System 799 699 
Runtime System /2 Users) 199\ 169 
Software Development System 499 429 

Text Preparation System 199 169 

System W/ 386) Unlimited User License 249 209 

| DOSMerge 386 Zuser System $95 346) 
| DOSMerge 386 Unlimited-user System 495 429 
System V/ All Complete System 549 465 
Runtime System /2 Users 199 169 
Software Development System 249 209 

Text Preparation System 199 169 

System V/ AY Unlimited User License 249 209 
 DOSMerge286 149 125 


Prices include FREE UPS surface shipping 
to all U.S. customers. Express services 
are available at the shipping carrier's 

standard rate. 


When ordering, please specify 80286 or 
80386 computer. DOSMerge 286 doesnt 

work on all clones, please ask before 
ordering. 


Please refer to our main advertisement in 
this journal for more information and the 
largest advertised selection of program- 
mer’s development tools for IBM personal 
| computers and compatibles. 


Programmer's Connection 
136 Sunnyside Street 
Hartville, Ohio 44632 


Hours; Weekdays 8:30 AM to 8:00 PM EST. 


cDce 


_USA 800-336-1166 
_ CANADA 800-225-1166 
OHIO & ALASKA (Collect) 216-877-3781 

INTERNATIONAL 216-877-3781 


TOLL 


CUSTOMER SERVICE 216-877-1110 
TELEX 9102406879 
_EASYLINK 62806530 


© 1987 Programmer's Connection Incorporated. 


Dbasex 


programming tools 


*Clipper, FoxBASE+, 
dBASE, QuickSilver 


The UI Programmer 


Ul is the first professional code generator; we 
wrote Ul for programmers who want to automate 
their work but cannot use code that is ‘almost’ 
good enough. If your user interfaces include 
bounce-bar menus, pop-up help screens and 
the other features of today’s best programs, you 
will gain an order of magnitude in productivity 
with UI. 


Ul is a second generation, programmable pro- 
duct — so your code comes out your way. 
Application specific edits, for instance, can be 
placed in the UI ‘template’ which controls the 
generation. Edit the screen appearance until it 
‘looks and feels’ perfect. Everytime you generate 
code, your special logic is preserved. 


Speaking of editing the screen, Ul includes a 
powerful, 3-D screen editor, so you can draw 

pop-up help boxes over your pull-down menus, 
over your application. 


The Documentor 


To run Doc, you just tell it the name of the main- 
line routine and make sure your printer has a lot 
of paper! (Sure, you can have the output go to 

the screen or a file, too.) 


You can tailor your documentation to include any 
or all of. a table of contents, system tree diagram 
(main line is the root), hierarchy (box diagram) 
charts for each module, action diagrams (modern 
style flow charts) for each PRG or procedure, 
DBF listings (structure, indexes, more), where 
used/updated listings for fields and all variables 
— by module and by line number within each 
module. 


Our written money-back satisfaction guarantee 
set a new standard when we began it in 1985. 
(Return rate to date: 9.6% and dropping!) No 
copy protection, royalties or other nonsense. 


Suggested retail: $295 each, (800) support 
included. At your dealer today. Call us for a very 
special offer on our latest release! (800) 233- 
3569 or, in NY, (212) 406-7026. 


- WallSoft 


The Computer Aided Software 


Engineering Corporation 
233 Broadway, Suite 869, New York, NY 10279 
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pointer was used and subsequently 
reused for each task, TASK_DEMO_4 
will use an array of pointers (or, in the 
more general case, a linked list of point- 
ers) to store each task pointer as the task 
is created. If your program can deter- 
mine when hardware failures or other 
problems occur, you can pass in new 
pointers to redirect the entry calls away 
from tasks that are no longer working. 

To keep the example short, we'll create 
a FAKE_OPERATOR task with all hu- 
man operator input prewired. This task 
will allow enable and disable commands 
to be selectively targeted to a particular 
task (Listing 10). 

After creating the five interrupt gener- 
ator sensor task pairs, the FAKE_ 
OPERATOR task in TASK_DEMO_4 
will wait 5 seconds, disable sensor 3, wait 
another 5 seconds, and then disable all 
interrupt generators. 

Once all interrupt generators are dis- 
abled, the end statement of the 
FAKE_OPERATOR task is reached. 
Once this task has terminated, thé inter- 
rupt generator and sensor task terminate 
alternatives will be selected and the en- 
tire program will end. A portion of a 
typical output screen for this task is 
shown here: 


Task 1 is ENABLED reading = 4 
Task 2 is ENABLED reading = 4 
Task 3 is DISABLED.reading = 2 
Task 4 is ENABLED reading = 4 
Task 5 is ENABLED reading = 4 
ENTER COMMAND>DISABLE 3 


Using tasks wisely 

By focusing on the type properties of 
tasks, you should be able to see that the 
specification and placement of tasks obey 
the rules for typemarks, despite the fact 
that task bodies have declare, begin, ex- 
ception, and end parts. 

Also, you should only use anonymous 
tasks when absolutely necessary. By us- 
ing pointers to tasks, you can make entry 
calls variables—something that allows 
for flexibility as well as fewer compiler 
syntax headaches. 

Once you become familiar with the ex- 
amples presented in this article, you may 
want to investigate some of the advanced 


Ada tasking features: task types as limit- 
ed private types, priorities, entry fam- 
ilies, combined generic instantiations, 
using the new allocator for cloning of 
task-types, representation clauses, aborts, 
and source code customization of an Ada 
run-time system for targeting arbitrary 
hardware. 

Additional information can also be 
found in the following texts: An Ad- 
vanced Introduction to Ada, by N, Ge- 
hani, gives an excellent comparison of 
Ada tasking with semaphores and Mo- 
dula-2 signals. Programming in Ada, by 
J.G.P. Barnes (2nd ed.), is a good text 
for learning Ada. Advanced C: Food for 
the Educated Pallette, also by Gehani, 
discusses C, C++, and Ada. 

Additional listings, a discussion on the 
Ada run-time system, and instructions 
for compiling and linking the examples 
are available on the COMPUTER LAN- 
GUAGE Bulletin Board Service and 
CompuServe forum. Source and executa- 
bles for a complete interactive sensor- 
monitoring package can also be obtained 
from the author. This code will run on 
any of the systems listed in this article 
(DEC VAX Ada vy. 1.3, Telesoft VAX 
Ada 3.1, and Alsys IBM PC Ada v. 1.2). 
Requests should be addressed to Avram 
Tetewsky, Charles Stark Draper Labora- 
tory, 555 Technology Sq., MS 92, Cam- 
bridge, Mass. 02139. Include three 
diskettes and a self-addressed stamped 
mailer with your request. rs | 


I would like to thank Larry Heyl, Ann 
Clough, Robert Brown, Roger Racine, 
and Gale Nagle for their assistance. 


Avram Tetewsky is currently employed 
at the Charles Stark Draper Laboratory, 
Cambridge, Mass., as a signal process- 
ing and system analyst. He received a 
B.S. in electrical engineering from Rens- 
selaer Polytechnic Institute, Troy, N.Y., 
in 1976; an M.S. from the Massachu- 
setts Institute of Technology, Cam- 
bridge, in 1978; and an M.S. in 
electrical engineering from MIT in 1980. 


All views in this article are the author's and do not reflect 
Charles Stark Draper Laboratory Inc. policy. 
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The Hard Facts 


about 


Software Dealers 


We’re Programmer’s Connection, 
your best one-stop source for qual- 
ity programmer’s development 
tools for IBM personal computers 
and compatibles. Here are some 
important facts you should know 
about us and other dealers in our 
industry. 


FACT: 


FREE Shipping. Shipping to U.S. 
customers is FREE via UPS Ground. 
If you want your order shipped via an 
express service, we’ll only charge you 
the shipping carrier’s standard rate 
with no special fees. Some dealers 
charge extra for shipping and then add 
rush charges for shipping via express 
services. Others may advertise “free” 
shipping but make up for it by charging 
extra handling fees. 


FACT: 


Credit Cards. We’ll charge your credit 
card only when we actually ship your 
order. Some dealers would charge your 
credit card at the time you place your 
order. This could leave you waiting for 
your shipment for weeks or months 
while they use your money interest-free. 


FACT: 


Discounts. We discount all software 
products — even special order items. 
Every product in our advertised price 
list is shown with its list price and dis- 
counted price. We want you to know 
exactly how much you'll save on every 
product. We don’t try to fool you by 
discounting some products and charg- 
ing full retail for others. 


FACT: 


Consistent Prices. We extend the 
same current prices to every customer 
regardless of where they see our ad. 
Some dealers vary prices in different 
ads and then ask you to mention which 
one you saw. This technique allows 
them to charge you the highest prices 
possible. 


FACT: 


No Hidden Charges. The discount 
prices you see on the next two pages are 
all you pay. We don’t charge extra for 
UPS Ground shipping, credit cards, 
COD orders, purchase orders, sales tax 
(except Ohio) or special handling (ex- 
cept for non-Canadian international 
orders). 


FACT: 


Guarantees. We offer FREE 30-day 
no-risk return guarantees and 30-day 
evaluation periods on most of our prod- 
ucts. Some dealers have no return op- 
tions while others often charge restock- 
ing fees of 15% or more. 


FACT: 


Quality Products. Our product line 
consists of hundreds of high quality 
software development tools specifically 
for IBM Personal Computers and 
compatibles. While some dealers try to 
carry every software product ever writ- 
ten, we carry only those that meet our 
very high standards for quality and 
value. 


FACT: 


Latest Versions. The products we 
carry are the latest versions and come 
with the same manufacturer’s technical 
support as if buying direct. While some 
dealers may participate in the software 
gray market, we’re authorized to sell 
every product we carry. 


FACT: 


Large Inventory. We have one of the 
largest inventories of programmer’s 
development products in the industry. 
Most orders are shipped within 24 
hours. And if we don’t have a product in 
stock, we’ll get it for you fast. 


FACT: 


Meticulous Packaging. We’ll give 
your shipment the extra protection 
needed to reach you in the best possible 
condition. First we’ll protect your 
products from moisture by wrapping 
them in plastic. Then we’ll insulate your 
box with high quality bubble-wrapping 
instead of the messy styrofoam chips 
that many other dealers use. Finally, 
we'll double-tape your box for extra 
strength. 


FACT: 


Independence. Since we’re not direct- 
ly affiliated with any software publisher 
or developer, we can give you sound, 
unbiased advice. Unlike some other 


dealers who have a special interest in __ 


promoting only certain products, we'll” 
give you an objective look at the prod- 
ucts we carry. 


FACT: 


Noncommissioned Staff. Our cour- 
teous sales staff is always ready to help 
you. And if you aren’t sure about your 
needs, our knowledgeable technical staff 
can give you sound, objective advice. 
Because they are noncommissioned, 
you won’t be pressured into making a 
purchase. 


As you can see, we’re different from 
the other dealers in our industry. 
Our customers keep coming back 
because we consistently provide 
the highest quality service and the 
lowest prices. So call us today and 
experience the differences for 
yourself. 


Turn the page for our product list and 
ordering information. 


ai-expert systems 


1st-CLASS by Programs in Motion 
Autolntelligence Ay /ntelligenceWare . 
Experteach Ill 4y /ntelligenceWare....... 
EXSYS Development Software by EXSYS. . 

EXSYS Runtime System............ 
Insight 1 4y Level Five Research . . 
Insight 2+ byLevel Five Research 
Intelligence/Compiler by /ntelligenceWare .. Bare 
Logic-Line Series A// varieties by Thunderstone ....... 


ai- lisp language 

GCLISP Golden Common LISP by Gold Hill ...... 
GCLISP 286 Developer by Gold Hill ... 
Microsoft LISP Common LISP.............. 
QNIAL Combines LISP & APL by MIAL Systems . 3 
TransLISP PLUS from Solution Systems ............ 


ai- prolog language 
APT Active Prolog Tutor from Solution Systems ....... 
Arity Combination Package 
Expert System Development Pkg 
File Interchange Toolkit........ 
PROLOG Compiler & Interpreter 
Screen Design Toolkit ...... 
SOL Development Package 
Arity PROLOG Interpreter . 
Arity Standard Prolog 
LPA micraPROLOG A// Varieties........ 
MPROLOG Language Primer LOG/CWARE . 
MPROLOG P500 by LOGICWARE ...... 
MPROLOG P550 by LOGICWARE ... . 
Prolog-86 Plus from Solution Systems 
Turbo PROLOG by Borland Intl ........ a 
Turbo PROLOG Toolbox by Borland Intl............. 


ai - smalltalk language 


Combo Offer by Digitalk . . .» Offer ends 8/31 
Sinalltae/Wis. oreryareisinaie srvios vicsoworsis seers 
EGA/VGA Color Option . 
Goodies Diskette ..... 
Smalltalk/Comm . . . 


ai - texas instruments 


Arborist Decision Tree Software .............. New 
PC Scheme Lisp............. 
Personal Consultant Easy . . . 
Personal Consultant Images . 
Personal Consultant Online . 
Personal Consultant Plus . . 
Personal Consultant Runtime . 


ada language 


AdaVantage by Meridian Software Systems ...... 
Janus/ADA C Pak by R&R Software...... 

Janus/ADA D Pak by R&R Software. . aa 
danus/ADA ED Pak by R&R Software.............. 


apl language 


New Version 


asmTREE B-Tree Dev System by BC Assoc . 
Cross Assemblers Various hy 2500 AD . 
Microsoft Macro Assembler . . . . 
Norton Utilities by Peter Norton 
Norton Utilities (Advanced) 
Turbo EDITASM by Speedware 
Uniware Cross Assemblers Various hy SDS . . 
Visible Computer: 8088 by Software Masters 
Visible Computer: 80286 ................... New 


basic language 


87 Software Pak by Hauppauge ..............0..% 
EXIM Services Toolkit by EX/M s 
Finally by Komputerwerks ..... . 
Inside Track from Micro Help . 
MACH 2 by Micro Help 
MicroHelp Utilities by MicroHelp 
Microsoft QuickBASIC........ 
Peeks ‘n Pokes from MicroHelp .................. 
QBase Ae/ational Database by Crescent .. .. New 
Quick-Tools Ay BC Associates.......... .. New 
QuickPak by Crescent Software ... 
Scientific Subroutine Library by Peerless . 
Screen Sculptor by Software Bottling .... 
Stay-Res by MicroHelp.......... 
True Basic w/Run-time . 
True Basic......... 

Run-time Module . 

Various Utilities... 0.00. eee 
Turbo BASIC Compiler Sy Borland /nt! 


blaise products 


ASYNCH MANAGER Specify C or Pascal 
CTOOLS PLUS................... 
EXEC Program Chainer...... 
LIGHT TOOLS for Datalight C . 
PASCAL TOOLS 


» Special Price 


PASCAL TOOLS & TOOLS 2 . 
RUNOFF Text Formatter.... . 
TURBO ASYNCH PLUS . 


List Ours 
495 399 
990 739 
475 339 
395 309 
600 469 
9 75 
485 379 
990 739 
CALL CALL 
495 CALL 
1190 CALL 
250 149 
CALL CALL 
195 125 
65 45 
1095 979 
295 229 
50 44 
650 569 
50 44 
295 229 
295 229 
9% 77 
CALL CALL 
50 45 
495 395 
220 175 
250 159 
100 «63 
100 64 
200 185 
9984 
50 45 
50 45 
50 42 
595 519 
95 84 
495 435 
495 435 
995 869 
2950 2589 
95 84 
795 739 
95 «84 
1250 1059 
395 349 
595 424 
195 139 
295 199 
8 = 58 
450 329 
275 189 
a) 
795 579 
495 389 
100 89 
149° 125 
395 329 
CALL CALL 
150 93 
100 CALL 
150 99 
99 84 
CALL CALL 
80 «64. 
100 »=-89 
180 149 
50 45 
99 85 
65 04g 
69 55 
59 4g 
99 63 
45 (35 
89 79 
130 109 
6959 
125 99 
125 Ot 
95 73 
200 99 
100-79 
100 79 
50 41 
100 64 
175 135 
175 135 
95 75 
100 65 
125 99 
100 79 
175 135 
50 45 
100 79 
129 CALL 
100 79 
275 199 


borland products 


EUREKA Fquation Solver ............2.0.0.000-- 
Reflex & Reflex Workshop . : 
Reflex Data Base System 
Reflex Workshop ........ 
Sidekick & Traveling Sidekick 
Sidekick 
Traveling Sidekick . 
Superkey............ 
Turbo BASIC Compiler................. 
Turbo € Compiler (Cai! for support products) . 
Turbo Database Toolhox................ 
Turbo Editor Toolbox ..... 
Turbo Gameworks Toolbox . 
Turbo Graphix Toolbox... . 
Turbo Jumbo Pack..... 
Turbo Lightning ..........:.... 
Turbo PASCAL Numerical Methods Toolbox . 
Turbo PASCAL and Tutor . . 
Turbo PASCAL ....... 
Turbo Tutor.......... 
Turbo PROLOG Compiler . . 
Turbo PROLOG Toolbox . 
Word Wizard ................. 


cCt+ 


C++ by Guidelines w/version 1.1 kernel ............ 
PforCe++ Function Library by Phoenix . 


c compilers 

C86PLUS by Computer Innovations................ 
Datalight C Compiler by Datalight . . 
Datalight Developer Kit 
Datalight Optimum-C 
DeSmet C w/Debugger & Large case .... New Version 
DeSmet C w/Debugger only........... New Version 
Eco-C Complete System by Ecosoft................ 
Lattice C Compiler vers. 3.2 from Lattice 
MWC Let's C w/esd ........ Special Price until 8/31 
Microsoft C Compiler w/CodeView .... ae 
Microsoft Quick Compiler . New 
Turbo C Compiler by Borland .............. 0.00 
Uniware 68000/10/20 Cross Compiler Ay SOS ...... 


c interpreters 


C-terp by Gimpel, Specify compiler ..............4. 
C Trainer with Book by Catalytix . . A 

Instant C by Rational Systems......... 
Introducing C 4y Computer Innovations . . 
Run/C dy Age of Reason 
Run/C Professional by Age of Reason 


c utilities 
c-tree & r-tree Combo by FairCom 
c-tree /SAM File Manager .... 
t-tree Report Generator .... 
C Windows by Syscom ..... 
C Wings Sy Syscom 
Data Windows by Magus Inc ......... 
dBx dBASE to C Translator by Desktop Al 
Flash-up Windows by Software Bottling . 
GraphiC Color version by Sci Endeavors. . 
GRAFLIB dy Sutrasoft 
HALO Graphics by Media Cybernetics . 
HALO Development Pkg for Microsoft . . 
The HAMMER by OES Systems 
PANEL Forms Management by Roundhill . 
PANEL Plus Ay Roundhill ......... 
PC Lint by Gimpel Software . 
PLOTHP fy Sutrasoft............ 
Professional C Windows hy Washburn . 
Scientific Subroutine Library by Peerles. 
Vitamin C by Creative Programming ... 
VC Screen Forms Designer... . 
Zview by Data Mgmt Consultants . 


cobol language... 


COBOUSpINyFlextUSwatenrit. Sate s1otey oes. 0is ices 
FPLIB for Realia COBOL by BC Associates........... 
Micro Focus COBOL See Micro Focus Section 
Microsoft COBOL See Microsoft Section 
Realia COBOL with RealMENU 
Realia COBOL ............... 
RealCICS........ 
RM/COBOL by Ryan-McFarland .... 
RM/COBOL 85 hy Ayan-McFarland . 
SCREENIO by Worcom ........... 
screenplay for COBOL by Flexus 


css products 


Combo Package Sy Custom Software Systems .... New 
PC/SPELL Spelling Checker........... 5 
PC/TOOLS UMX-like Utilities 3 
BOUMEVGE IONS. orcntes a sea sac wanes, eatin a 


debuggers & profilers 


386 DEBUG Cross Debugger by Phar lap ... 
Advanced Trace-86 4y Morgan Computing . . 
Codesifter Profiler hy David Smith......... 
Codesmith-86 by Visua/Age.... 
DSD87 by Soft Advances . . 
MiniProbe fy Atron 
Periscope | with Board by Periscope .. . 
Periscope II with WMI Breakout Switch . 
Periscope II-X Software only ........ 
Periscope III 8 MHz version . . 
Periscope Ill 10 MHz version .......... 
The PROFILER with Source Code by DWB. 
TURBOsmith Source debugger for Turbo Pascal . 
The WATCHER Profiler by Stony Brook............. 


disk utilities 
Back-It by Gazelle Systems 
Disk Optimizer by Softlogic Systems . . 


FASTBACK fy 5th Generation Systems . 
XenoCopy-PC by XenoSoft .................. New 


100 


dos utilities 
Command Plus by ESP Software ...............--. 
FANSI-CONSOLE fy Hersey Micro . 25 
Norton Commander by Peter Worton ....... 
OPAL Shell Language by Software Factory .. 
Q-DOS II by Gazelle Systems ............ 
Taskview by Sunny Hill Software 


essential products 


CUaity library recto s 6 vciesictssanases aa 
Essential Comm Library with Debugger . . . 
Essential Comm Library Software Only 
Breakout Debugger Only Any /anguage . . a 
Essential! Graphics s.-1:3,.,.c+ tree nec cciue 


forth language 


CFORTH Wative Code Compiler by LMI ............. 
Forth/83 Metacompiler Specify Target . . it 
PC/Forth by Laboratory Microsystems... 
PC/Forth+ by Laboratory Microsystems . 
Advanced Color Graphics Support ... 
Enhanced Graphics Support ...... 
Intel 8087 Support 
Interactive Symbolic Debugger 
Native Code Optimizer . 
Software Floating Point 
UR/Forth by LM/......... a 
Object Module Libraries...................... 


fortran language 


50 MORE: FORTRAN by Peerless Engr............. 
ACS Time Series by Alpha Computer Service . a 
Essential Graphics by Essential Software .... 
Forlib-Plus by Alpha Computer Service ... . 
FORTLIB Ay Sutrasoft .............. 
FORTRAN Addendum Ay /mpulse Engr .. 
FORTRAN Addenda dy /mpulse Engr . 
GRAFLIB by Sutrasoft 
HALO Graphics by Media Cyberneti 
1/0 PRO dy MEF Environmental 
Microcompatibles Combo Package . 
Grafmatic 
Plotnatic <i s1ccyeta..taicishesiaisie 
Microsoft FORTRAN w/CodeView 
No Limit 4y MEF Environmental. . . 
Numerical Analyst by MAGUS...... 
PANEL dy Roundhill Computer Systems 
PLOTHP by Sutrasoft............ 
RM/FORTRAN by Ayan-McFarland . . 
RTC PLUS Fortran to C by Cobalt Blue . 
Scientific Subroutine Lib by Peerless .. . 
Statistician by Alpha Computer Service . 
Statlib.GL: by PS//Systems........ 
Statlib. TSF: hy PS//Systems 
Strings & Things by Alpha Computer Servic 


greenleaf products 


Greenleaf Comm Library 
Greenleaf Data Windows Library . 
with Source Code . . 


lattice products 


Lattice C Compiler ver 3.2 from Lattice............. 
with Library Source Code 
C Cross Reference Generator. . 
with Source Code ..........4..45 
C-Food Smorgasbord Function Library . . 
with Source Code ............4.- 
C-Sprite Source Level Debugger 
Curses Screen Manager . 
with Source Code ...... 
UBC Specify dBC II or dBC I. 
with Source Code ...... 
qBC Ill Plus........ 
with Source Code .. 
LMK Make Facility .............. 
RPG Il Combo A// three items below . 
RPG I! Compiler Vo Royalties... . 
RPG Il SEU Screen Entry Utility 
RPG Il Sort/Merge ........... 
RPG Il Screen Design Aid Utility . 
SecretDisk File Encryption Utility . 
SideTalk Resident Communications .. . . 
SSP/PC Scientific Subroutine Library . . 
Text Management Utilities .......... 
TopView Toolbasket Function Library a 
iti SourcelCode: se meeeye ee nei. se 1ssca eae 


metagraphics products 


LightWINDOW/€C for Datalight C . . 
FontWINDOW ... 


MetaWINDOW/PLUS ........ 
TurboWINDOW/C for TurboC ........ ae 
TurboWINDOW/Paseal for Turbo Pascal ........... 


micro focus products 


Micro Focus Level Il COBOL w/Animator........... 
Level I COBOL ................. 
Level Il Animator .................. 

Micro Focus Level I! COBOL/ET for UNIX . 

Micro Focus Personal COBOL ........ 

Micro Focus Professional COBOL . 

Micro Focus VS COBOL/XENIX 

Micro Focus Support Products: 
COBOL/IO Ad hoc Report Writer ............... 
COBOL/IO for DOS 3.X Networks . . ces 
FORMS =2 Rocce one aise: 
SOURCEWRITER..... 


microport products 
System V/386 Combination................. New 


386 Runtime System ............ . New 
386 Software Development System « . New 
Text Preparation System ......... New 
386 Unlimited License Kit ............ New 
DOSMerge386 Run-DOS and UNIX-together . New 


System V/AT Combination............ 
AT Runtime System .... 
AT Software Development System 
Text Preparation System ......... 

AT Unlimited License Kit ............... 


DOSMerge286 Run DOS and UNIX together ..... New 
microsoft products 
Microsoft BASIC Compiler for XEMIX .......... New 


Microsoft BASIC Interpreter for XEMIX . 
Microsoft C Compiler with CodeView ........ 
Microsoft COBOL Compiler with COBOL Tools. . 
LORXEMIXE scars Orbsstoistoas cae aero 
Microsoft FORTRAN Optimizing Compiler/CodeVie 
Microsoft FORTRAN for XENIX . . 
Microsoft Learning DOS ...... 
Microsoft LISP Common LISP.............. 
Microsoft MACH 10 with Mouse & Windows .. 
Microsoft MACH 10 Board only ............ 
Microsoft Macro Assembler . . . . 
Microsoft Mouse Bus Version ... 
Microsoft Mouse Serial Version .. . 
Microsoft muMath /ncludes muS/MP.. . 


TORXENIN Gs Orsi « entero ss (6 
Microsoft QuickBASIC 
Microsoft QuickC . 
Microsoft Sort . . . 
Microsoft Windows .............. 
Microsoft Windows Development Kit . Bs 
Microsoft Word\iny. ress sacs ccece ssc sn voesne 


modula-2 language 


EXE2LNK MASM Interface by PMI ............ New 
Macro2 Macro preprocessor by PMI . . “ 
ModBase fy PM/ ...............4.. 
MODULA-2 Apprentice Pkg by LOGITECH 
MODULA-2 Magic Pkg by LOGITECH ..... 
MODULA-2 ROM Pkg & Cross RT Debugger . . 
MODULA-2 Window Pkg by LOGITECH...... 
MODULA-2 Wizard's Pkg by LOGITECH .. 33 
Repertoire dy PMINS .)..wletctucrshs coeteds vest ste’ 


mouse products 


LOGIMOUSE BUS with PLUS Pkg by LOGITECH ...... 
with PLUS & PC Paintbrush... .. 6.0.0 eee Bs 
with PLUS & CAD Software... oe 
with PLUS & CAD & Paint... 0... cece cece eee 

LOGIMOUSE C7 with PLUS Pkg, Specify Connector... . 
with PLUS & PC Paintbrush . 
with PLUS & CAD Software . 
with PLUS & CAD & Paint. . 

Microsoft Mouse Bus Version . . . eS 

Microsoft Mouse Serial Version ...............445 


other languages 


ACTOR by Whitewater Group .............44. New 
CCS MUMPS Single-User hy MGlobal .. Cae 
CCS MUMPS Single-User Multi-Tasking . 
CCS MUMPS Multi-User ...........0.005 
Marshal Pascal by Marshal Language Systems aA 
Pascal-2 sy Oregon Software .......... New 
Personal REXX by Mansfield Software hein 
SNOBOL4+ by Catspaw ..... 0... eee cece eee 


other products 


Dan Bricklin's Demo Pgm by Software Garden ....... 
Dan Bricklin's Demo Tutorial ........... els 
Fast Forward by Mark Williams. 


. $20 Rebate Offer 
New 


Informix A// Varieties by Informix 
Instant Replay by Nostradamus . . 
MKS Toolkit w/vi Editor by MKS ....... New Version 


MicroTEX 7ypesetting from Addison Wesley ..... New 
Net-Tools by BC Associates ............ a 
OPT-Tech Sort by Opt-Tech Data Proc 
PC/TOOLS Ay Custom Software ....... oe 
Screen Machine by MicroHelp ..................% 


phoenix products 

Pasm86 Macro Assembler version 2.0.............. 
Pdisk Hard Disk & Backup Utility. . . 
Pfantasy Pac Phoenix Combo . . 
Pfinish Execution Profiler ..... 
Pfix8Gplus Symbolic Debugger . 
PforCe Specify C Compiler ......... 
PforCe++ Specify C Compiler and C++ 
Plink86plus Overlay Linker 
Pmaker Make Utility... 
Pmate Macro Text Editor . 
Pre-C Lint Utility»... 0.0.0.0 0 nae 
Ptel Binary File Transfer Program .........2...00. 


polytron products 


PalyBoost 7he Software Accelerator . . 
PolyDesk Ill... . 
PolyDesk Ili Ai 
PolyDesk III Cryptographer . 
PolyDesk Ill Talk........... 
PolyLibrarian Library Manager . 
PolyLibrarian II Library Manager . . ee 
PolyMake UMIX-like Make Facility................. 
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Polytron C Beautifier . 

Polytron C Library 1... 
Polytron PowerCom Communications 
PolyXREF Complete Cross Ref Utility 
PolyXREF One /anguage only ........ 
PVCS Corporate Version Control System. . 
PVCS Personals .cjcicsasecsces ee ses ay 
PVMEM Polytron Virtual Memory File Mgr .......... 


program mgmt utilities 
Interactive EASYFLOW Sy Haventree .............. 
PrintO. by Software Directions........ Bee 
Quilt Computing Combo Package ... 
QMake Program Rebuild Utility....... 3 
SRMS Software Revision Mgmt System .......... 
Source Print by A/debaran Labs ........ 
TLIB by Burton Systems Software ..... 
Tree Diagrammer hy A/debaran Labs ... 


raima products 


dbQUERY Single-User Query Utility... ........004. 
Single-User with Source Code... . tee 
MUTE USEN oi x sino fava toss ris: 
Multi-User with Source Code . 

dbVISTA Single-User DBMS ..... 
Single-User with Source Code 
Multi-User ...-.....085- 


sco products 


Complete XENIX System V by SCO................ 
Development System ............ aan 
Operating System Specify XT or AT... 
Text Processing Package......... 

LyriKib yi SCO) sone 2 Ser eas eeibin ct ee ; 

SCO Professional /-2-3 Workalike for XEMIX......... 

SCO XENIX-NET £ 


softcraft products 


Btrieve /SAM Mgr with No Royalties ............... 
Xtrieve Query Utility........ a 
Report Option for Xtrieve 

Btrieve/N for Networks ... 
Rtriewe iNav 3. neces ae 


text editors 


Brief & dBrief Combo from Solution Systems ........ 
Bpighesna. neh ccs ae cepted wrcicrttec 
dBrief Customizes Brief for dBASE Il. 

Epsilon Emacs-like editor by Lugaru . 

KEDIT dy Mansfield Software . . . 

Micro/SPF hy Phaser Systems . . 

Microsoft Word ............... 

PC/VI by Custom Software Systems ... 

SPF/PC hy Command Technology Corp . 

Vedit by CompuView.............. 

Vedit Plus by CompuView.......... 


turbo pascal utilities 
ALICE /nterpreter by Software Channels ............ 
DOS/BIOS & Mouse Tools by Quinn-Curtis 
Flash-up Windows by Software Bottling . 
MACH 2 for Turbo Pascal by Micro Help 
MetraByte D/A Tools by Quinn-Curtis . . . 
Science & Engrg Tools by Quinn-Curtis . . 
Screen Sculptor by Software Bottling . 
Speed Screen Ay Software Bottling .. . 
System Builder by Royal American . 
IMPEX Query Utility.......... 
Report Builder................ 
TDebugPLUS dy TurhoPower Software .. 
Turbo EXTENDER by TurboPower Software 
Turbo OPTIMIZER by TurboPower ... 
Turbo OPTIMIZER with Source Code . 
Turbo Professional by Sunny Hilk.>. . . 
Turbo.ASM by BC Associates~ - 
TurboHALO from IMS/ ............ 
TurboPower Utilities by TurboPower 
TurboRef by Gracon Services ........... 
TURBOsmith Source Debugger by Visual Age 
Universal Graphics Library by Quinn-Curtis ...... 


wendin products 


Operating System Toolbox ....................4. 
PCNX Operating system . . 
PCVMS Similar to VAX/VMS . News 
Wendin-DOS Multitasking DOS. . New 
XTC Text Editor w/Pascal source .........0..02005 


xenix / unix products 


Btrieve /SAM File Mor by SoftCraft ................ 
C-terp by Gimpel, Specify compiler .. . bo 
c-tree /SAM Mor by FairCom ....... 
dBx with Library Source by Desktop Al... 
DOSIX Console Version by Data Basics . . 
DOSIX User Version by Data Basics . . 
Informix A// Varieties by Informix .......... 
Micro Focus Products See Micro Focus Section 
Microport Products See Microport Section 
Microsoft Products See Microsoft Section 
PANEL Plus 4y Roundhill Computer Systems ......... 
REAL-TOOLS Binary Version hy PCT........ > 
Library Source Version .......... 
Complete Source Version ... 
RM/COBOL by Ryan-McFarland . . . af 
RM/FORTRAN by Ryan-McFarland ................ 
SCO Products See SCO Section 
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LOWEST PRICES 
Due to printing lead times, some of our current 
prices may differ from those shown here. Call for 
latest pricing. 

FREE SHIPPING 
Orders within the USA (including Alaska & Hawaii) 
are shipped FREE via UPS. Express shipping is 
available at the shipping carrier's standard rate 
with no rush fees or handling charges. To avoid 
delays when ordering by mail, please call first to 
determine the exact cost of express shipping. 

CREDIT CARDS 
VISA and MasterCard are accepted at no extra 
cost. Your card is charged when your order is 
shipped. Mail orders please include credit card 
expiration date and authorized signature. 

CODs AND POs 
CODs and Purchase Orders are accepted at no 
extra cost. POs with net 30-day terms are available 
to qualified US accounts only. 

SALES TAX 
Orders outside of Ohio are not charged state sales 
tax. Ohio customers please add 6% Ohio tax or 
provide proof of tax-exemption. 
INTERNATIONAL ORDERS 

Shipping charges for International and Canadian 
orders are based on the shipping carrier's standard 
rate. Since rates vary between carriers, please call 
or write for the exact cost. International orders 
(except Canada), please include an additional $10 
for export preparation. All payments must be made 
with US funds drawn on a US bank. Please include 
your telephone number when ordering by mail. Due 
to government regulations, we cannot ship to all 
countries. 

VOLUME ORDERS 
Volume orders may qualify for additional discounts. 
Call us for special pricing. 

SOUND ADVICE 


Our knowledgeable technical staff can answer 


technical questions, assist in comparing products 
and send you detailed product information tailored 
to your needs. 


30-DAY GUARANTEE 
Most of our products (excluding books) come with 
a 30-day documentation evaluation period or a 
30-day return guarantee. Please note that some 
manufacturers restrict us from offering guarantees 
on their products. Call for more information. 


MAIL ORDERS 
Please include your telephone number on all mail 
orders. Be sure to specify computer, operating 
system and any applicable compiler or hardware 
interface(s). Send mail orders to: 


Programmer's Connection 
Order Processing Department 
136 Sunnyside Street 
‘Hartville, OH 44632 


Call or write for our FREE comprehensive price guide. 


Hours: Weekdays 8:30 AM to 8:00 PM EST. 


CALL TOLL FREE 

USAS :....sescebaeeyacaee 800-336-1166 
CANADA............ . 800-225-1166 
OHIO & ALASKA (Collect). .216-877-3781 
USL Coens carer, a 9102406879 
EASYEINK os. :c05ye; sf Se dee eras 62806530 
INTERNATIONAL....... 216-872-3781 


CUSTOMER SERVICE ... 216-877-1110 


©Copyright 1987 Programmer's Connection Incorporated. 


Turbo Pascal Programmers 


sophisticated 
software 
Presents 


wat 


30 Day Money Back Guarantee! 
The World’s Best Code Generator! 


turboMAGIC™ saves you time 


MAGIC will generate all of the Turbo 
Pascal code you need for your input 
forms, help windows, pop up menus, and 
pull-down menu systems. 


turboMAGIC™ is easy to use 


. Paint the form you want with the 
powerful editor. 


. Select any special attributes that you 
want for fields or the form. 


. Let turboMAGIC™ do the rest. 


field attributes 
Magic Field 


Allow : ee 


1 Set Videos (YW)? I] ee 
Jus Fld Blank Prat Blank 
Fill Display Input Upper: 
String Picture 


DDD=DD=DDDD. 


“eee 8.8255 
y 


15 ssage 

lelp Window: JRMEEI) Real Increment: Automatic Exit: 

Je pel lds + 2? > Sb Dynamic Update: 
-— Esc to Exit. ——— 


The FIELD ATTRIBUTES screen lets you describe a field. 


FoR n a THD Rip T es }——— 
Form Procedure Name Gr ee 
Form Use bestiaatiow Console oad 
Print Keu Support: (ES Automatic Form Exit: JE 
een? 


isplay in a Window: 2B 
HE eight: ME 


Help Window Mame for Form Help 
Do you want to review the help window names (Y/4)? ff 
Bottom Line Video 


The FORM ATTRIBUTES screen lets you describe a form. 


Change videos (¥/4)? Menu Highlight Video 
— Esc to Exit a 


PROFESSIONALS LIKE IT! 


“Fast automatic updating of dependent fields adds flair to your 
input screens. ... turboMAGIC will be a blessing for 
programmers who would rather not write the user interface for 
every program.” —_ Neil Rubenking, PC Magazine, Feb. 24, 1987 


“turboMAGIC is the Cadillac of prototyping tools for Turbo 
Pascal. ... Unlike the others, turboMAGIC is extremely flexible ... 
On the whole, turboMAGIC does what it claims it will do.” 

Jim Powell, Computer Language, June 1987 


“1 was impressed with the turboMAGIC package ... the end 
product is slick and professional ... the procedures created by 
turboMAGIC are well commented and easy to add to your own 
code. ... turpoMAGIC is well worth its price. | only wish I had 
had it for the last menu-driven software | wrote!” 

Kathleen Williams, Turbo Tech Report, June 1987 


turboMAGIC™ provides the ordinary... 
and a bit of the extraordinary! 


Forms that scroll in framed windows 


Forms up to 66 lines long using any colors 
and graphics characters 


Automatic updating of dependent fields 


Conditional-use fields (field and prompt 
can disappear if not needed) 


A help window per field or menu item 
Full-featured editing in fields 
Bomb-proof input handlers 


Support for printing forms, with video to 
font translation 

19 Built-in field types available and you 
can add your own! 


Special Fields’ # A NOTICE field 
f PROMPT field 


Other Fields 
Fletter Ee Display = edi Miie 


SAmount 66 


SRS eler 


Field Type? [ Letter, “-" or “+” 


The FIELD MENU — an extensive set of types 


Requires 256K IBM and Turbo Pascal 3.X 


ORDER TODAY. $ 
CALL 800-225-3165 or 205-342-7026 Hy 


Sophisticated Software, Inc. 
6586 Old Shell Road 
Mobile, Alabama 36608 
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i s regular readers 
of this column 
know, I have a 


penchant for mathematical and numeri- 
cal analysis software products. One such 
product arrived recently in the mail and 
although its target audience is-small, the 
product will be useful to scientists, engi- 
neers, and those who simply love to play 
with math. SURF3D is a three-dimen- 
sional plotting routine produced by dog- 
Star Software and written by Don 
Gilbert. It is one of the best such rou- 
tines I have encountered, public domain 
or otherwise. 

SURF3D was written in Turbo Pascal 
and uses Media Cybernetics’ Turbo- 
HALO graphics extensively. (For those 
unfamiliar with it, TurboH ALO includes 
probably the most complete graphics rou- 
tines for Turbo Pascal I have encoun- 
tered, and executes them all with 
elegance.) SURF3D is designed to calcu- 
late and plot surface contour plots of se- 
lected two-axis functions, with rotation 
about any axis. (An accompanying pro- 
gram, SURF87, is designed for the same 
purpose but includes the Turbo Pascal 
routines to use a numeric coprocessor.) 

Using TurboHALO, SURF supports 
an amazing number of graphics boards 
and printers. Graphics boards that are 
supported include the standard MDA, 
CGA, EGA, Hercules Monochrome 
card, Tecmar Graphics Master, STB 
Graphix Plus, Quadram Quadscreen and 
Quadcolor, AT&T’s Display Enhance- 
ment Board (DEB) and Indigenous 
Graphics Board (IGB), Sigma Color 
400, Conographics Monochrome Graph- 
ics, Amdek MAI, and IBM 3270 PC 
with APA Adapter. 

Supported printers include ACT, IBM 
Jetprinter, Calcomp ColorMaster, Diablo 
C150, Epson, Apple Imagewriter, Hew- 
lett-Packard Laser Jet, Laser Jet Plus 
and Think Jet, Integral Data Systems’ 
Prism, Quadram Quadjet, arid the To- 
shiba P1351 and P351. 

I tested the program’s printer drivers 
on my Epson clone, a Sperry Model 37 
Laser (emulating both Epson and Laser 
Jet), and a Xerox Laser (emulating Ep- 
son). All worked flawlessly. I tested the 
graphics on a Hercules and an EGA. 


PUBLIC DOMAIN SOFTWARE REVIEW 


Surface plots, PHO/NET, 
and a Mac sourcebook 


By Tim Parker 


Both versions of SURF display a main 
menu with a small box at the top of the 
screen. This box contains a number of 
defined functions and space for user- 
definable functions, and a larger box be- 
low it has the plotting parameters. The 
four function keys that SURF uses to 
exit, plot to screen, plot to printer, or 
save data to a file are listed at the bot- 
tom of the screen. 

The user can control all the plot pa- 
rameters, including plotting radius; x, y, 
and z axes maxima; hatching line incre- 
ments; rotation about three axes; wheth- 
er rear lines will be hidden; and hatching 
toggles for the two main axes. The arrow 
keys rotate the plots in their respective 
dimensional coordinates. 

SURF is amazing to watch. Granted, 
I tested it on an Apricot XEN-i with an 
80286 and 80287, but I was still im- 
pressed by SURF’s speed. This package 
drew complex three-dimensional plots in 
seconds and allowed me to rotate the 
axes on screen with the arrow keys, 
drawing the realigned plot as it rotated. 
You really have to see it to appreciate it. 
SURF makes the other plotting routines 
on my shelf look deadly slow by 
comparison. 

The printed plots were sharp, and the 
laser-produced plots had an almost pub- 
lishable resolution. The plots were gener- 
ated reasonably fast; but you are well 
advised to use a print spooler or large 
buffer. 

The user-definable functions enable 
you to use quite a few mathematical 
functions. Besides the usual dyadic oper- 
ators (addition, subtraction, multiplica- 
tion, and division), a large number of 
monadic operators are available. These 
operators include integer, fractional, real 
sign, absolute value, square and square 
root, exponents and logs to base 10 and 
base e, and the usual trigonometric func- 
tions (including hyperbolics and arcs). 

Since the source code for the SURF 
package is supplied on the distribution 
disk, users can include routines in their 
own programs or modify the source code 
as they wish. 

SURF87 and SURF3D are available 
from dogStar Software, P.O. Box 302, 
Bloomington, Ind. 47402, (812) 333- 
5616. The product is distributed as 
shareware, and a $10 fee is requested. 


SURF impressed me tremendously. Con- 
gratulations to Don Gilbert on a fine 
product. 

dogSTAR Software has released ForC, 
a formula compiler that is an integral 
part of SURF. It is available with or 
without SURF, and a $10 donation is 
requested. 

ForC is also written in Turbo Pascal 
and is designed to interpolate and ex- 
trapolate formulas to other coordinates. 
By supplying ForC with a formula using 
the same monadic operators as SURF, 
the value of the function can be deter- 
mined at any combination of x and y 
points. 

In practice, I found ForC to be an or- 
der of magnitude faster than interpreted 
formulas in Turbo Pascal, although ForC 
was naturally slower than a hard-coded 


evaluation. 
HH s the number of — 
: HH local area net- 
eece works (LANs) 


increases dramatically, the number of 
programmers writing software for them 
increases proportionately. Although most 
programmers are assigned software to 
develop on LANs by their employers, the 
tools that evolved for single-user environ- 
ments are inevitably adapted for multi- 
user networks. An entirely different 
category is software that arises by virtue 
of the network itself—software that 
would not have a place on single-user 
machines. 

A good example of this category is a 
product released by Advanced System 
Resources, P.O. Box 214, Port Credit 
Station, Mississauga, Ontario, Canada 
L5J 4M9. PHO/NET is designed for 
simple phone messaging in the network 
environment: something so elementary in 
concept yet rarely seen in practice. 

A year or so ago, I was working for 
one of the big minicomputer manufactur- 
ers. We still used pink slips for messages 
until some bright fellow decided that a 
paperless office should mean exactly 
that. Phone messages are a part of every 
business routine: if a LAN or multiuser 
system is available, it should be used. 
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PHO/NET is a professional package 
that makes extensive use of function keys 
and windowing for the supported func- 
tions. PHO/NET requires DOS 3.x or 
later and SHARE.EXE (or a similar 
routine; some LANs use this function in 
the initialization code). A minimum of 
128K of memory is required, and 
ANSLSYS is not needed. 

The authors have tested PHO/NET 
on several LANs, and I tested it on an 
MS-DOS 3.3 network running on Om- 
ninet hardware. The only requirement 
seems to be the DOS environment, and 


Now COBOL Programmers Can Do Formatted 
Screens Quickly and Easily - with SCREENIO. 


SCREENIO is the Screen Manager for Realia™ COBOL. 


the SHARE-like function. 

When activated, the PHO/NET win- 
dow pops into view in one corner of the 
screen. The window can be moved about 
with a function key and the cursor keys, 
and window size can be changed as re- 
quired. On-line help is available, al- 
though not really necessary. Messages 
can be added with a single function key, 
and a rapid search system allows retriev- 
al of messages. Deletions or updates to a 
message are available. 

In the environment tested, no problems 
were encountered using PHO/NET. Our 
receptionist found the messaging system 
just as fast as message pads, and the us- 
ers certainly appreciated the convenience 
of not having to pick up message slips at 


SCREENIO is a high-performance, COBOL specific screen manager for the Personal Computer and compatibles. It’s power- 
ful, offers an impressive array of features, yet is easy to use. SCREENIO was written by experienced COBOL professionals 


and represents a truly COBOL approach to screen management on the PC. 


Design and Revise Screens Painlessly With Our Panel Editor. 


Use our interactive Panel Editor Facility to design your screens with a What-You-See-Is-‘What-You-Get approach. You can 
easily modify and experiment with screen layouts. Type titles and descriptive information on the screen, draw lines and 
boxes using the cursor movement keys, and paint the colors you want using the cursor keys or block functions. Use all 


256 color combinations on your screens. 


Define your data fields in COBOL terms; use your own data name, PICTURE and VALUE clauses. Specify the field type 
(various alpha and numeric types, hex, etc.), valid entries for the field (if you want SCREENIO to edit your data for you), 
and various other items. The Panel Editor will produce a copybook that contains this information. Panel revisions rarely 


mean changing your source code. 


Programming for SCREENIO is Easy. 


You can display your screen and accept data with as few as two statements; a COPY panelname in your WORKING-STORAGE 
SECTION, and a CALL SCREENIO statement in the PROCEDURE DIVISION. SCREENIO is linked with your applica- 


tion just as any other COBOL subroutine would be. 


SCREENIO takes care of tabbing, data validation, and other functions expected of a good screen manager. When we return 
to your COBOL program, the data from the user fields on the screen is in your variables. 


‘Yes, we've always done windows. SCREENIO supports Edit Masks, Automatic Error Detection and Editing, High Speed 
Video, Hot-Fields, Key Redefinition, Foreign Language Capability, Custom Tabbing Order, Color Control at Runtime, PC 
Speaker Control, and much, much more. A BMS Mapset Import is available. Most programmers are amazed at how easy 


it is to build flashy applications using SCREENIO and COBOL. 


Our Support is Outstanding. Paes 


x 


We provide superb telephone support. Upgrades are distributed to licensed users automatically for the first year. There are 
no Runtime Fees - the code you develop is yours to distribute freely. 


This limited version of our Panel Editor shows how you design panels. Because it’s written with COBOL and SCREEN 
it also shows the kind of features and performance you can expect in your applications. 


SCREENIO 2.1 is only $400 plus shipping. Save $100 - order SCREENIO and Realia COBOL from 
us. We also offer packages with Kedit, a great programming editor. Ask about our other 


programming tools, too. 


In a hurry? Most orders are delivered within 24 hours! 


- Amex MC Visa Check - 


Northern Computing Consultants 
RO. Box 020897 e Juneau, Alaska 99802: 


Call us to discuss your application. Get a feel for the kind of quality support we provide. 


We'll Send You a Free Demonstration Diskette. 


Not satisfied with FORMS"? Ask about SCREENIO for Micro Focus™COBOL. 


(907) 780-6464 © TELEX 510 601 4951 (Norcom 
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regular intervals from the main desk. 
PHO/NET also reduced the paper clut- 
ter on our desks significantly. No slow- 
down was noticed on our equipment with 
12 people using PHO/NET, although 
this is probably a function of a very fast 
server, fast workstations, and a 1-to 4- 
megabit-per-second transfer rate. 

As a user, I found it very easy to ex- 
ecute PHO/NET every hour or so or 
while waiting for a compile to complete 
(requiring virtual screens, DesqView, or 
other windowing applications) to check 
for important calls. I really appreciated 
the elimination of continual telephone 
pages when I was trying to be unavail- 
able. Probably the only enhancement I 
can dream of for PHO/NET is to make 
it memory resident. (That enhancement 
is apparently being developed now.) 

PHO/NET is released as shareware, 
under the name NETSHARE. A $5-per- 
user ($50 maximum) donation is request- 
ed if the program is found useful. If you 
have a DOS LAN, you will surely appre- 
ciate this routine. 

Incidentally, Advanced System Re- 
sources has a companion product called 
DEX/NET that acts as a network Rolo- 
dex. Details can be obtained from ASR 
at the address given. 


ieSEESSusseeseansassas eaders who use a 
iesesesretepeerisitsl Macintosh will 


ineeacegeeceaesecdescs ppreciate a book 
by Robert Eckhardt, Free (and Almost 
Free) Software for the Macintosh (due 
to be released in September 1987 from 
Crown Publishers Inc.). I was sent an 
uncorrected proof of the book, and my 
first assessment is that it is the most 
comprehensive collection of notes and re- 
views regarding Macintosh public do- 
main and shareware products available. 

Eckhardt seems to have taken all the 
Macintosh software from the major 
sources (Public Domain Exchange, 
Berkeley Macintosh Users Group, EDU- 
COMP, Boston Computer Society, and 
MAUG on CompuServe) and collated 
them into a well-organized reference 
book. 

The book is divided into sections deal- 
ing with the different categories of soft- 
ware (games, graphics, communications, 
etc.) and includes an introduction to the 
public domain and shareware environ- 
ment. It also has a comprehensive list of 
user groups and bulletin boards. 

Coverage of each software package 


provides the author’s name, reviewed ver- 
sion number, fees (if any), notes on docu- 


mentation, user group library disk 
numbers, and an overall rating based on 
the author’s subjective assessment of the 
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software. A sample screen is included for 
most products, with a few paragraphs de- 
scribing the software, its purpose, and 
comments. 

Probably the most interesting part of 
the book is the list of fonts. After all, the 
Mac’s ability to generate a large number 
of fonts with the word processor was 
what really gave it a major push in the 
business market. As the hobbyists got in- 
volved, the neat, clean fonts that business 
letters and publications required were su- 
perseded by clever, artsy, and weird de- 
signs, some of which have been 
mentioned in this column before. 

The fonts have been grouped into 
three categories: text, display, and special 
purpose (language, math, and esoteric). 
The section gives a brief description of 
each font and a sample set of the alpha- 
bet and numbers (and any special char- 
acters available). An amazing number of 
fonts is included. Each font description 
gives the name, user library disk number, 
author (if applicable), and size. 

A similar section is dedicated to 
graphic items, icons, and the like, for 
VideoWorks, Mac Paint, and other popu- 
lar software packages. A number of icon 
files are described and illustrated, as are 
several sets of patterns for use with Mac 
Paint (with dozens of prepared pictures). 

I expect that the most thumbed part of 
the book, other than the fonts, would be 
the games section. Almost every game is 
accompanied by a picture of the screen 
and a reasonable description of the soft- 
ware. Considerably more games are list- 
ed here than I have seen in any user 
group list. The game addict will find this 
section invaluable in selecting public do- 
main material. 

The section on music lists the name of 
the software, the piece it is playing, the 
duration of the piece, and a quality as- 
sessment. Products that are not designed 
to work with a commercial piece of soft- 
ware, such as MusicWorks, are described 
in more detail. 

Lastly, a number of sections cover 
add-ons for commercial software, such as 
Electronic Arts’s Pinball Construction 
Set and Broderbund Software’s Ancient 
Art of War, among others. These add- 
ons tend to increase the usefulness of 
commercial products and eliminate the 
boredom often associated with a well- 
used software product. 

This book should be on every Macin- 
tosh user’s shelf. It is commendable as a 
reference; as a source book it is excellent. 
With the list of software in one hand, the 
appendix of user groups in the other, and 
a checkbook for user group disks floating 
somewhere in between, the Macintosh 
user’s interest in the machine should be 
piqued for quite a while. 

As mentioned earlier, the Free (And 
Almost Free) Software for the Macin- 


tosh book is due for publication in Sep- available about C (missing are those 
tember, with a list price of $19.95. Since from Microsoft Press). 

the book includes almost 500 full-size The CUG short form catalog rounds 
pages, it is a good investment. Look for it out the publication with order forms for 
on local bookstands in the fall, or contact disks and books. For those who have dif- 


Crown Publishers Inc. at 225 Park Ave. ficulty getting their local bookseller to 

South, New York, N.Y. 10003. stock computer books not designed for 
Finally, a catalog of C Books and the Commodore 64, it is useful to have a 

Software is available from the erstwhile reliable source for the higher-level 

C Users Group (Box 97, McPherson, tomes. JF 

Kan. 67460). The Spring 1987 edition is 

16 pages long. It includes several brief Tim Parker is a systems programmer in 

reviews of books of interest to C pro- Ontario, Canada, who also writes for 


grammers and a list of almost every book several technical magazines. 
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° SLOW RESPONSE TIME 
* HIGH COSTS 
© CONFLICTING PRIORITIES 


Coma to 


LEAVE DEVELOPMENT TROUBLES BEHIND 


With Realia's development tools, you can build efficient mainframe 
applications right on your PC. Every stage of development gets easier, - 
whether you're maintaining an existing application or creating a new one. 


° Realia COBOL, the fastest PC COBOL compiler, produces the most 
efficient executable programs. 

e RealCICS® lets you develop and run mainframe CICS programs onthePC. 

° RealDBUG offers interactive, source-level debugging better than any 
mainframe tool. 


Choose Realia, and your applications backlog can soon be just a memory. 


REALIA 


10 South Riverside Plaza, Chicago, IL 60606 « (312) 346-0642 Telex 332979 
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C POWER 


FREE! Turbo C>? cosa 


(with C Business Library or C Starter Package until 8/31/87.) 


POWER WINDOWS C FUNCTION LIBRARY 


MOST POWERFUL YET BEST YOU CAN GET 
POP-UP WINDOWS FOR 400 FUNCTIONS 
Menus/Overlays FULLY TESTED 
Help Screens SUPERB DOCUMENTATION 
Messages/Alarms BETTER FUNCTIONS 
ZAP ON/OFF SCREEN Most complete screen handling plus 
FILE-WINDOW MANAGEMENT graphics; cursor/keyboard/data . 
AUTOMATIC entry, 72 string functions with word 
Horizontal & Vertical Scrolling wrap; status and control; utility/DOS 
Word Wrap & Line Insertion BlOS/time/date functions; printer 
Cursor/Attributes/Borders control & more. Special functions. 
The most powertul, flexible and easy Functions you NEED but don't have! 
to use windowing package available! Full source code. No royalties. 
Many types of menus. Highlighting. 4 disks $129.95 
Move data between files, keyboard, 
program and windows. Status lines. 
Change size/location/overlapping. 
Move/add/delete/cascade windows. 
Full source code. No royalties. 
3 disks 


C BUSINESS LIBRARY 


INCLUDES C FUNCTION LIBRARY, POWER 
WINDOWS, SUPERFONTS FOR C, B-TREE 


LIBRARY, ISAM 


$299.95 


$129.95 (A $440 VALUE) 


COMPATIBILITY: /BM PC/XT/AT & compatibles. Microsoft C 4.0, Lattice, Mark 
Williams, Aztec, Cl 86, Datalight, Ecosoft, any ANSI or full K&R compiler. 


DEPTH: Screen Painter/Data Entry/Power Windows (the most powerful 
professional windowing package) and C Function Library (the most extensive 
and useful library available) plus the speed, power and flexibility of the B-TREE 
and ISAM library. All work together to make your project go FAST! 


NO MATTER WHAT ELSE YOU HAVE, GET THESE... 
DON’T PAY MORE AND GET LESS! 


C DYNAMO SCREEN DYNAMO DATA ENTRY 


PAINTER UNIQUE, POWERFUL, NECESSARY 
AND FORMS CREATOR Full Validation of Each Keystroke 
DOES IT ALL Range Checking 


Data Security to Item Level 
Scrollable Data Entry Forms with Fixed 
& Scrollable Parts 
Allows Forms Larger Than Screen 
Over 40 Item Types 
Powertul “Picture” Capability 
Unique: Mix Text, Data Entry Fields 
With Menu Items 

Full source code. No Royalties 
Code plus manual .......... $129.95 


RIGHT FROM YOUR KEYBOARD 
AUTOMATIC CODE GENERATION 
Data or Help Screens & Windows 
Data Entry Screens & Windows 

; Menus 
FAST, FLEXIBLE, EASY 
Save Man-Months of Programming 
Full Control of Screen Attributes 
Monochrome or Color 
by Form, Screen, Window or Item 
FAST EASY MENU GENERATION 
1-2-3 Like, Many Others 
Requires Dynamo Data Entry 


Screen painter & manual ..... $129.95 
LIST 
PCNX™ UNIX WORKALIKE $99 
PCVMS™ 99 
O/S TOOL BOX™ (Build your 
own operating system) 99 


™WENDIN SOFTWARE 


12118 Kimberley, Houston, TX 77024 
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713-468-4412 


POWER WINDOWS 
FUNCTION LIBRARIES 
SUPERFONTS FOR C 
B-TREE & ISAM 
C-TERP 

SCREEN PAINTER 

& FORMS CREATOR 


SUPERFONTS FOR C 


SUPER SIZE CHARACTERS 
Monochrome adapter 
Color/graphics adapter 
8 FONT LIBRARIES 
Dramatic high impact screens/titles/ 

messages. Use with or without 
windows. Great for projection TV. 
Create own font & image libraries or 
use ours. Use with windows for 
special effects or animation. Full 
source code. No royalties. 

Font and Function Library ...$49.95 


B-TREE LIBRARY 


& ISAM DRIVER 


POWERFUL DATA MANAGER 
Fixed/Variable length records 


FAST! EASY TO USE! 
16.7 MILLION RECORDS/FILE 

16.7 MILLION KEYS/FILE 
Fast B-tree indices. Add/remove 
keys Find first/last/next/any key. Find 
keys by Boolean selection. Read/ 
write/delete or add records to file. 
Full source. No royalties ....$129.95 


C STARTER PACKAGE 


INCLUDES C FUNCTION LIBRARY, POWER 
WINDOWS, SUPERFONTS FOR C 


(A $310 VALUE) 


C-TERP 


INTERPRETER FOR C 
NO COMPROMISE, FULL K&R 
BUILT IN SCREEN EDITOR 
FAST, FAST COMPILE/LINK 
USE EXTERNAL LIBRARIES! 
SYMBOLIC DEBUGGING 
SINGLE STEPPING 
RAVE REVIEWS! 


2 disks and manual........ $299.95 
With and library........... $199.95 
C TOTAL LIBRARY 


INCLUDES C FUNCTION LIBRARY, POWER 
WINDOWS, SUPERFONTS FOR C, B-TREE 
LIBRARY, ISAM AND C-TERP C interpreter 


All forte ee a a eee $499.95 
(A $740 VALUE) 


THE C POWER FAMILY ... YOUR COMPLETE SOURCE FOR C 


Entelekon 


SINCE 1982 
VISA-MASTERCARD-CHECK-COD 
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Turbo C 
Pe ee 


Hardware requirements: 
IBM PC, XT, AT or true 
compatible with one drive, 
384K RAM, and an 80 
column monitor. 

DOS 2.0 or later 

Price: $99.95 

Available from: Borland 
International, 4585 Scotts 
Valley Dr., Scotts Valley, 
Calif. 95066-9987, 

(408) 438-8400 

Support: Borland forum on 

ompuServe, writing to 
Borland 


Turbo C is the latest entry in the highly 
competitive C compiler market for the 
IBM PC-DOS world (at last count, over 
two dozen C compilers were available in 
this market). Borland International has 
put together a low-cost product that at- 
tempts to serve the needs of both the pro- 
fessional developer and the hobbyist. The 
choice of user interfaces—either tradi- 
tional command line or an integrated en- 
vironment—and documentation with sec- 
tions directed at both the novice and 
experienced users are indicative of this 
broad marketing scope. 

The integrated environment supplies 
access to a WordStar-compatible editor, 
as well as compile, link, and run facili- 
ties. A built-in make capability supports 
the building of large programs from mul- 
tiple source files. A sophisticated error 
tracking facility in the integrated envi- 
ronment makes the chore of finding and 
fixing compilation errors fast and rela- 
tively painless. 

Turbo C supports six memory models 
to address problems introduced by the 
segmented 8086 architecture. It also in- 
cludes a run-time library of over 300 
functions and macros that supply famil- 
iar support for programmers coming 
from either Microsoft or Lattice C com- 
pilers. The libraries also support many of 
the common features from the UNIX en- 
vironment and the new ANSI draft pro- 
posed standard. The language supported 
by the compiler is full K&R along with 
almost all of the ANSI draft proposed 
standard additions to the language. 

To help put the following review in 
perspective, you should be aware that I 
have had Turbo C in my hands for only 
a week. I’ve played and stressed the 
product and even found a few bugs. 
However, I have not had the opportunity 
to try it out on a large development ef- 
fort. Overall, I am impressed with the 
product, although it does have some limi- 


tations. In a nutshell, Turbo C is ex- 
tremely fast, has a very nice integrated 
programming environment, and produces 
good but not spectacular code. Now let’s 
take a few minutes and look at Turbo C 
in detail. 

The Turbo C package comes with two 
manuals, a 300-page User’s Guide and a 
385-page Reference Guide. The software 
comes on four 5%-inch disks, which in- 
clude two versions of the Turbo C com- 
piler, associated utilities, header files, li- 
braries, and several example programs. 
Borland includes a notice that you can 
get 3%-inch disks by sending in your 5'4- 
inch masters and a $15 check. 

I was pleased to find Borland had gone 
to the effort to supply one disk that in- 
cluded the Borland integrated C environ- 
ment and a separate disk with the com- 
mand line versions of the preprocessor, 
compiler, linker, make, and touch utili- 
ties. The separation into two distinct en- 
vironments means the user does-not have 
to do any configuration or rearrangement 
to get going reasonably quickly in either 
the integrated or command line environ- 
ment. (For those unfamiliar with the 
make and touch utilities, they give the 
programmer convenient facilities to re- 
build a program from a specified list of 
files while ensuring that only those files 
updated since the last build are actually 
reprocessed.) 

The disks are not copy protected. In 
addition, the Borland license is one of the 
most understandable and reasonable in 
the business. Borland notes “you must 
treat this software ‘just like a book,’ with 
the following single exception. Borland 
International authorizes you to make ar- 
chival copies of the software for the sole 
purpose of backing-up our software and 
protecting your investment from loss.” 
You can move it from machine to ma- 
chine. You just can’t have it running on 
more than one machine at a time. 

Product support is primarily through 
Borland’s forum.qn CompuServe. To 
help encourage users to take advantage 
of this facility, Borland currently in- 
cludes a free CompuServe IntroPak and 
a $15 credit toward your on-line time 
during the first month. If you prefer to 
write Borland, they supply a technical 
support address. They note, “As a last 
resort, if you cannot write us for some 
reason, you can telephone our technical 
support department.” 

I was a little disappointed in this lack 
of direct phone support, but I guess when 
you sell this much product for $99.95 
you have to keep expenses down. Still, 
most programmers, particularly profes- 
sionals with tight deadlines (are there 
any other kinds of projects?), want help 
now, not in a week or so. If you do get 
through to Borland, past experience with 
Turbo Pascal technical questions indi- 
cates that they will give prompt, accurate 
answers. 


The documentation is in softcover 
books. This is slightly less convenient 
than three-ring binders when you are try- 
ing to work with the book laying open 
next to the computer. 

When I first looked at the documenta- 
tion print quality, I was concerned. The 
books appear to have been generated on 
a standard 300-dot-per-inch laser printer. 
The print is not nearly as crisp as the 
typical publishing print quality (a maga- 
zine such as COMPUTER LANGUAGE 
is printed at 1,200 dots per inch). The 
lower quality is very noticeable on some 
of the smaller fonts and in screen exam- 
ples, which tend to be unnecessarily 
small and somewhat difficult to read. 
However, I must admit that for the vast 
majority of text, I did not find the print 
quality a significant distraction or 
problem. 

The general layout of the documenta- 
tion is good. The writing is conversation- 
al and easy to understand. Each chapter 
begins with a brief introduction and a 
section “In This Chapter...,” which ex- 
plains exactly what topics will be cov- 
ered. This format is convenient and help- 
ful, particularly because the User’s 
Guide covers a lot of territory. It at- 
tempts to serve the needs of beginning 
and experienced programmers, as well as 
new C programmers with Turbo Pascal 
or Turbo PROLOG backgrounds. 

The Reference Guide is primarily a 
description of the library. The library 
functions are in alphabetical order (not 
grouped in strange and mysterious ways,- 
as in UNIX documentation). I was able 
to find library routine information quick- 
ly. The discussion under each library 
routine was very good. 

Each manual includes what appears to 
be an excellent index. With only one or 
two exceptions I was able to find entries 
that pointed me to exactly the informa- 
tion I needed. 

One major complaint I have with the 
documentation is that the installation 
procedure is only very briefly and some- 
what poorly covered. It was written as- 
suming a fair amount of knowledge 
about DOS. This approach may be fine 
for experienced programmers, but I sus- 
pect a lot of less experienced users may 
have problems. 

The installation instructions for a one- 
floppy-disk system note that you can 
only use the integrated environment and 
then promptly tell you what options you 
will need to consider when using the 
command line version of the compiler. It 
turns out that instructions for the two- 
floppy-disk installation (which does allow 
the command line version of the compil- 


71 


er) refer back to the one-floppy-installa- 
tion instructions. 

Lots of readers are going to be con- 
fused. The hard disk installation is a lit- 
tle clearer, but none of the installation 
sections include the actual DOS com- 
mands that need to be entered to backup 
and install your Turbo C system. This 
section is not up to the overall quality of 
the rest of the documentation and I hope 
will be rewritten in a future revision. 

Since the integrated environment ap- 
proach is one of Borland’s noted 
strengths, I decided to bring up Turbo C 
under this environment. I know it is pop- 
ular for “real” programmers to prefer the 
traditional command line interface, but I 
found the integrated environment addict- 
ing. I was able to work and set options 
without being concerned with command 
line syntax and typing errors. I think 
that almost all beginning programmers 
and a lot of experienced programmers 
will make the integrated environment 
their environment of choice. 

In visual appearance, the integrated 
environment is more closely akin to Side- 
kick or Turbo PROLOG than the simple 
Turbo Pascal interface. It makes full use 
of pop-up windows. The windows pop up 
and disappear instantly, even on a flop- 
py-based XT system. 

I also found the interface easy to learn 
and use. It has the standard Borland con- 
ventions for selecting menu items (either 
via a highlighted letter in the option or 
by moving the cursor over the option and 
hitting Enter). In particular, I like the 
fast shortcuts from menu to menu, which 
let you avoid the hassles of working your 
way up and down nested menus. You can 
also move from menu to menu without 
having to move your hands from the 
home position on the keyboard all of the 
time (one of the real problems with a 
mouse-oriented menu selection 
arrangement). 

It takes a day or so to get comfortable 
with where to look to set all the compil- 
er, linker, and environment options, but 
in contrast, I was still looking in my Mi- ' 
crosoft C manual for specific options 
months after I started using it. By the 
way, the command line version of Turbo 
C also has a very long and hard-to-re- 
member list of compilation options. 

The integrated environment made it 
convenient to move quickly from editing, 
to compiling, to running programs. The 
built-in make facility also made it very 
simple to build multifile programs. 

The integrated environment make is 
significantly more limited than the com- 
mand line version of this Turbo C utility. 
For example, you cannot execute other 
DOS commands within the make. How- 
ever, I think most users will find it ade- 
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quate for much of their development. It 
was completely adequate for the several 
thousand line program that makes up the 
benchmarks I used. It was also complete- 
ly sufficient for a 4,000-line, 10-file ap- 
plication I tried out during testing. 

The integrated environment offers a 
very convenient feature called error 
tracking. Unlike Turbo Pascal, which 
stops on the first compilation error, 
Turbo C will complete a compilation and 
display all of the error messages in a 
scrollable message window. When you 
position the cursor to an error or warning 
message in the message window, you are 
automatically shown the corresponding 
position in the associated source file. You 
can then switch to the source window 
and make the necessary changes. This is 
the best facility I have ever used for find- 
ing and fixing compile time errors. A 
good selection of optional warning mes- 
sages also allow you to detect many com- 
mon problems which are frequently not 
caught until execution time. 

The integrated environment has some 
limitations. If you have your own favorite 
program development editor, you are un- 
able to use it in the integrated environ- 
ment. You only have the standard Bor- 
land WordStar-compatible editor to work 
with. I have yet to meet a programmer 
who considers a WordStar-compatible 
editor as their editor of choice for pro- 
gram development. 

If you are working with large files, you 
may also run out of space in the integrat- 
ed environment editor. I was unable to 
load a 70K file developed using a stand- 
alone editor. You can, of course, address 
this problem by breaking up the file into 
multiple pieces. 

You will not be able to use the in-line 
assembly language feature of Turbo C 
from the integrated environment. When 
you use the in-line assembly facility, the 
compiler generates assembly language 
that must then be processed by a 
MASM.-compatible-assembler. You can- 
not access an assembler from the inte- 
grated environment. The Turbo C pack- 
age does not include an assembler (you 
do not need one unless you want to use 
in-line assembly language). 

The command line versions of the 
compiler, link, and make utilities supply 
the traditional compiler development in- 
terface. The only inconsistency I noticed 
was that the compiler and make com- 
mands use UNIX-style command argu- 
ments that begin with a hyphen (-), 
while the linker uses the DOS convention 
of a slash (/) to initiate an option. 

In either environment, the Turbo C 
compiler is blazing fast. Turbo C com- 
piles at 6,000 to 7,000 lines per minute 
on a 8MHz AT. Turbo compiles nearly 
twice as fast as any other compiler on 
the market today and is five to seven 
times faster than the current release of 
the market-leading Microsoft C compil- 


er. In Table 1 you can see a comparison 
of the compilation speeds with the COM- 
PUTER LANGUAGE benchmark suite 
written by David Kessler. The numbers 
for all of the compilers, except Turbo C, 
are taken from the recent C compiler re- 
view (“MS-DOS C compilers over $200” 
and “MS-DOS C compilers under $200,” 
COMPUTER LANGUAGE, Feb. 1987, 
pp. 124-154). 

The Turbo linker is also very fast. It 
does not support lots of “bells and whis- 
tles” options, and it does not support 
overlays, but what it does do it does very 
well. 

As a side note, Turbo C is fast enough 
to be used very conveniently on a floppy- 
based system. In fact, you will probably 
find it faster compiling a program with 
Turbo C on a two-floppy PC/XT system 
than compiling the same program with 
one of the more traditional C compilers 
on a hard-disk-based PC/AT system. 
This should make Turbo C a very popu- 
lar choice with the hobbyist C program- 
mers who cannot afford a hard disk sys- 
tem at home. 

Yes, the compiler is fast, but can it 
generate top-notch code? Most profes- 
sional programmers care more about 
generated code than compiler speed. On 
this count, Turbo C is competitive but 
not exceptional. Again, Kessler and I ran 
the COMPUTER LANGUAGE bench- 
marks on the same machine used during 
the C compiler reviews in the February 
issue. 

The results are shown in Tables 2 and 
3. Note that the performance informa- 
tion in Table 3 is reported so that the 
larger the number the better the result. 
For example, the Cp pointer Turbo C re- 
sult of 12,835 ranks Turbo C as second 
from the best (behind Microsoft C’s 
leading score of 13,872). 

In the performance benchmarks, 
Turbo C came out in the top three in 11 
of the 25 benchmarks and in the bottom 
three in three of the 25 benchmarks. The 
poor performance in the floating point 
arena, two of the bottom three rankings, 
is probably because Turbo C implements 
the full IEEE floating point standard (to 
a full 80 bits of precision). This is an ap- 
ples and oranges comparison with most 
of the other floating point packages since 
they do not supply this level of precision. 

When we turn our attention to code 
size (Table 2), we see that Turbo C is 
very competitive. Turbo C ranks in the 
top three in seven of the nine bench- 
marks. The size of the generated code 
makes Turbo C look more like a high- 
end compiler than one that costs less 
than $200. . 

It is interesting to note that the total 
code size numbers (Table 1) place Turbo 
C in the bottom three. The problem ap- 
pears to be the large floating point emu- 


10 Important Reasons 
C Programmers Use 
fle Manager 


1. It’s written in C. 


Clearly the growing language of 
choice for applications that are fast, 
portable and efficient. All of 
db__VISTA’s source code is written in C. 


2. It’s fast — almost 3 times faster 
thana leading competitor. 

Fast access that comes from the 
unique combination of the B-tree 
indexing method and the “network” or 
direct “set” relationships between 
records. A winning combination for 
fast performance. 


3. It’s flexible. 

Because of db__VISTA’s combination 
of access methods, you can program 
to your application needs with ultimate 
design flexibility. Use db__VISTA as an 
ISAM file manager or to design 
database applications. You decide 
how to optimize run-time 
performance. No other tool gives you 
this flexibility without sacrificing 
performance. 

db_ VISTA is also well behaved to 
work with most any other C libraries! 


4, It’s portable. 

db_VISTA operates on most popular 
computers and operating systems like 
UNIX, MS-DOS and VMS. You can 
write applications for micros, minis, or 
even mainframes. 


5. Complete Source Code 
available. 

We make our entire C Source Code 
available so you can optimize 
performance or portto new 
environments yourself. 


6. Ituses space efficiently. 

db_ VISTA lets you precisely define 
relationships to minimize redundant 
data. Itisnon-RAM resident; only 
those functions necessary for opera- 
tion become part of the run-time 
program. 


7. Royalty free run-time. 

Whether you’re developing applications 
for yourself or for thousands, you pay 
for db._VISTA or db_ QUERY only 
once. If you currently pay royalties to 
someone else for your hard work, isn’t 


it time you switched to royalty-free 
db_ VISTA? 


db_VIsTX’ 


Features 

¢ Multi-user support allows flexibility to run on 
local area networks 

¢ File structure is based on the B-tree indexing 
method 

¢ Transaction processing assures multi-user 
consistency 

¢ File locking support provides read and write 
locks 

¢SQL-based db_ QUERY is linkable 

¢File transfer utilities included for ASCII, 
dBASE optional 

¢ Royalty-free run-time distribution 

¢ Source Code available 

¢ Data Definition Language for specifying the 
content and organization of your files 

«Interactive database access utility 

¢ Database consistency check utility 

File Management Record 
and File Sizes 

¢ Maximum record length limited only by acces- 
sibleRAM 

¢@ Maximum records per fileis 16,777,215 

¢ Maximum file size limited only by available disk 
storage 

¢ Maximum of 256 index and data files 

¢ Key length maximum 246 bytes 

¢ No limit on number of key fields per record 

@No limit on maxifnum number of fields per 
record 

Operating System 
3 & Compiler Support 

¢Operating systems: MS-DOS, PC-DOS, 
UNIX, XENIX, UNOS, ULTRIX, Microport, 
VMS 

¢C compilers: Lattice, Microsoft, IBM, DeSmet, 
Aztec, Computer Innovations, Turbo C, XENIX 
and UNIX 


8. SQL-based db_QUERY 
Add our new C-linkable, SQL-based, 
ad hoc query and report-writing 
companion productto providea 
simple relational view of your 
db_VISTA applications. Without 
compromising speed. 


9. Free tech support. 

60 days of free technical and application 
development support for every Raima 
product. Of course, extended support 
and training classes are also available 
at your place or ours. 


10. Upward database 
compatibility 

Start out with file managementina 
single-user PC environment—then 
move up toa multi-user LAN ora VAX 
database application with millions of 
records. You'll still be using db__VISTA. 
That’s why so many C programmers 
are choosing db_ VISTA. 


But don’t just take our word 
for it. 


“Raima’s customer support and documentation 
are excellent. Source code availability and 
royalty-free run-time is a big plus.” 
Dave Schmitt, President 
Lattice, Inc. 


“db_VISTA has proved to be an all-round high 
performer in terms of fast execution, flexibility and 
portability, and has undoubtedly saved us much 
time and development effort.” 
John Adelus, Hewlett-Packard 
Office Productivity Division 


30-day Money Back Guarantee! 
Try db_ VISTA in your environment 
for 30 days and prove it to yourself. If 
not completely satisfied, return itfora 
fullrefund. 


Price Schedule 
db_VISTA db_QUERY 
0 Single user $ 195 $ 195 
OU Single user w/Source $ 495 $ 495 
O Multi-user $ 495 $ 495 
QO Multi-user w/Source $ 990 $ 990 
NEW: 
0 VAX Multi-user $ 990 $ 990 
CO VAX Multi-user w/Source $1980 $1980 


Order Now. 
Put db_VISTA to work in your 
application program. Ordering is 
easy—simply call toll-free. We'll answer 
your technical questions and get you 
started. Call today. 


Call Toll-Free Today! 
1 (800) db-RAIMA 
(800/327-2462) or 

206/828-4636 ; 


RAIMA" 


CORPORATION 


3055 - 112th NE, Bellevue, WA 98004 USA 
(206) 828-4636 Telex: 6503018237 MCIUW 
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lation package (over 11K of the 26K to- 
tal code size), which causes Turbo C to 
show poorly on this overall benchmark. It 
should be noted that this fixed overhead 
of the floating point package will become 
less and less significant as the total pro- 
gram size grows. 

At first I was a little disappointed in 
the benchmark results. I guess I was 
hoping that I could have superior compi- 
lation speed AND superior code genera- 
tion (this is closely related to having your 
cake and eating it too). I think that what 
the benchmarks show as much as any- 
thing else is that the C compiler market 
is very competitive. The results show that 
Turbo C generates good code. However, 
so do several other products on the 
market. 

For the hobbyist (the under $200 mar- 
ket), the performance results showed 
Turbo C in the top two in 19 of the 25 
benchmarks. Turbo C is clearly superior 
in the size of the generated code. 


Totals: MS-DOS 


Compile time 


Product for test suite 
C compilers over $200: 

Aztec C 112 
C Programming System 89 
High C 288 
Lattice C 100 
Microsoft C 142 
Whitesmiths C 187 
Wizard C 175 
C compilers under $200: 

Datalight C Compiler 72 
DeSmet C Development System 40 
Eco-C88 Compiler 104 
Mix C Compiler 74 
Turbo C 24 


1. Times are in seconds; sizes are in bytes. 
2. Size before running exepack was 44,160. 
3. Information not generated by manufacturer's linker. 


Table 1. 


Code size (bytes): MS-DOS 


o 
Product is) = = 
C compilers over $200: 

Aztec C 155 450-639 

C Programming System 206 448 1,010 

High C 167 452 64] 

Lattice C 186 469 633 

_ Microsoft C 145 409 482 

Whitesmiths C 178 422 868 

_ Wizard C 164 421 602 
C compilers under $200: 

Datalight C Compiler 478 940 1,425 

_ DeSmet C Development System 397 999 1,146 

_ Eco-C88 Compiler 613 1,015 1,660 

~ Compiler 882 1,883 1,455 

= HGS 42) 537 


1 


In the professional programmer mar- 
ket, the main competition for Turbo C is 
now and probably will remain Microsoft 
C. When looking specifically at a com- 
parison with Microsoft we see that Turbo 
C generates code about 6% slower than 
Microsoft C. If we take out the floating 
point component of the test, Borland and 
Microsoft are about dead even. The code 
for Turbo C is about 5% smaller than 
Microsoft C code in this benchmark. 
Given that benchmarks only model in ap- 
proximate terms the results you will see 
in an actual application, this puts Micro- 
soft and Turbo C on about even footing 
in the “quality of code” race. 

Turbo C is largely Microsoft C source 
code compatible. In fact, when I ran the 
benchmark suite, I set the controlling 
DEFINE to MICROSOFT, and the suite 
compiled without any errors. 

Turbo C includes most of the Micro- 
soft library, however, the coverage is not 
100%. The main differences are in the 


Total Total Total 
code size executable size —_— run time 
14,523 16,880 656 
17,600 21,442 886 
27,024 43,312 881 
19,936 22,096 778 
27,440 30,208? 679 
N/A? 24,608 990 
15,657 18,336 784 
17,032 32,688 936 
16,4474 19,456 696 
18,898* 21,368 795 
N/AS 25,472° — 
26,091 29,116 723 
4, Size taken from .obj file. 
5. Size taken from .com file. 
6. Benchmark suite would not run. 
= = 
& = 
= 
sie) 8) 2). / 2 
< oO a a ne (a) 
250 57 1,232 174.787‘ ,057 
250 64 1,270 174 804 1,118 
27) 56 1,126 236 749 1,068 
258 67 1226 = 198 = 97 as 
228 39 1,206 170 738 1,075 
234 54 1,238 154 930 1,016 
238 asl el 755 1 20-1000 
473 225 3,734 806 1,904 2,479 
205 «156 2,766 696 1,603 2,209 
784 450 2,882 906 2,049 2,449 
916 303 3,832 1,193 2,437 3,784 
434 o2 1,185 171-487 1,052 


areas of header files and the lack of some 
of the less commonly used Microsoft sup- 
plied functions. Turbo C uses a slightly 
different header file arrangement. Turbo 
C includes five header files (alloc.h, 
bios.h, dir.h, mem.h, and values.h), 
which do not appear in the Microsoft li- 
brary. Turbo C does not include direct.h, 
malloc.h, memory.h, search.h, several 
sys/*.h, or varargs.h header files, which 
are included in the Microsoft C library. 
Turbo C lacks the Bessel functions and 
some Microsoft C functions such as hal- 
loc and chsize. 

In the language area, the two seem 
quite compatible, with at least one excep- 
tion. Static far objects in a near memory 
model and static near objects in a far 
model are not supported. The bottom line 
is that there should be a high degree of 
portability between Microsoft C code 
and Turbo C. However, don’t be sur- 
prised if you run into a couple of prob- 
lems along the way. 

Turbo C advertises that it is ANSI C 
compatible. This is not completely true. 
The ANSI C standard has not yet been 
adopted and in fact is still undergoing 
changes. Turbo C has adopted almost all 
of the features of one of the earlier drafts 
of the standard. Turbo C includes many 
of the most important changes such as 
prototypes in function declarations and 
stricter type checking in expressions, 
However, Turbo C has not implemented 
any of the international facilities of the 
current draft nor has Borland included _ 
some features such as offsetof, which re- 
turns the byte offset of a member within 
a structure. 

On balance, Turbo C has done a good 
job of incorporating the new language 
features and library functions of the 
draft proposed standard. But until the 
standard is finalized (probably around 
the beginning of 1988), Borland will be 
shooting at a moving target. 

The one major missing component in 
the Turbo C package is a source-level de- 
bugger. The generated executables are 
SYMDEB-compatible, so if you already 
own this debugger there is some debug 
help available (SYMDEB is not included 
in the Turbo C package). However, there 
is currently no Microsoft CodeView-class 
debugger available. I feel this is a signifi- 
cant omission from the product offering, 
and one I hope Borland addresses fairly 
rapidly. As more complete packages be- 
come available, such as Microsoft C and 
the CWare/DeSmet C Development 
System, this will become a very impor- 
tant feature even in the hobbyist market. 
Although a source-level debugger is not 
useful in every professional application, 
effective C development is greatly en- 
hanced in many application areas by the 
availability of a good source-level 
debugger. 


\i 


Now Available from Alsys 
COMPUTER AIDED 
LESSONS ON ADA* 


A Cost-Effective 
Two-Volume Course 
For Programmers 


This comprehensive course in 
Ada Programming is designed 
for those with some program- 
ming experience in other com- 
puter languages. The course, 
constructed with the participa- 
tion of key members of the 
original Ada language design 
team, provides a core of Ada 
concepts using modern tech- 
niques of software engineering. 

LESSONS ON ADA is self- 
paced, with color-enhanced 
exercises throughout each les- 
son interactively evaluated and 
validated for each student. It 
runs on readily available IBM 
PC and IBM PC/XT equipment 
and an additional color monitor. 

The lessons in Volume I cover 
Ada Program Structure; Types 
and Enumeration Types; Integer 
Types; Boolean, Character, and 
Real Types; Constraints and 
Subtypes; Subprograms; Pack- 
ages and I/O Basics; Composite 
Types; Statements; Uncon- 
strained Array Types; Discrimi- 
nants; Access Types; 
Overloading; Visibility and 
Context Clauses; and Derived 
Types. 

LESSONS ON ADA, Vol. II, 
deals with advanced Ada con- 
cepts including parallelism and 
rendezvous, real types, generic 
units, exceptions, select state- 
ments and others. 


CUIISLYIS 


In the US: Alsys Inc., 1432 Main St., Waltham, MA 
02154 Tel: (617) 890-0030 

In the UK: Alsys Ltd., Partridge House, Newtown 
Rd., Henley-on-Thames, Oxon RG9 IEN 

Tel: (491) 579090 

In the rest of the world: Alsys SA, 29, Avenue de 
Versailles, 78170 La Celle St. Cloud, France 

Tel: (1) 3918.12.44 


Also < 
Available “& 
from Alsys 
BARNES 
ICHBIAH, 


VY, 
& FIRTH ON ADA 


A 27 Video Cassette 
Seminar Led by the 
Principal Designer 
of the Ada Language 


This comprehensive 18 hour 
program includes language 
examples and other key points 
illustrated by over 1200 com- 
puter-generated color graphics. 
It is a standard reference work 
providing an in-depth introduc- 
tion to the new ANSI/Standard 
language, intended for technical 
managers, engineers, and 
programmers. 

Subjects covered include 
an Introduction; A Simple 
Program; Types; Subtypes; 
Composite Types; Arrays 
and Records; Discriminants; 
Names, Expressions, State- 
ments; Subprograms; Access 
and Derived Types; Numeric 
Types; Program Structure 
including Visibility Rules, Pack- 
ages, Private Types, Use Clauses 
and Separate Compilation; 
Tasking; System Dependent 
Programming; Exception Han- 
dling; Programming with 
Exceptions; Generic Units; 
Programming with Generic 
Units; Input-Output; Conclu- 
sions; and questions from the 
audience, both technical and 
general. 


® Ada is a registered trademark of the U.S. Government (AJPO) 
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Jt 
(for 30 days, to 


Training and Ada 
Program Managers) 


L} 20 Minute 
Preview Tape of 
Ichbiah, Barnes & 
Firth on Ada. 


FREE 


(for 30 days, to 
Training and Ada 
Program Managers) 


L] Demonstration 
Diskette of 
LESSONS ON ADA 


Company 


Address 


( ) 
Telephone Ext. 


CUIISLYS 


Alsys, Inc., 1432 Main St. 
Waltham, MA 02154 
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I encountered a few bugs while work- 
ing with Turbo C. The most severe was 
an error in the generated code for float- 
ing point constant expressions using divi- 
sion. When you divide two floating point 
constants you get the inverse of the cor- 
rect answer. For example, 6.0 + 3.0 gen- 
erates a value of .5 rather than the more 
traditional 2.0. This is an embarrassing 
mistake that makes it look like someone 
made a last minute fix and then decided 
not to rerun the test suite. It seems that 
the first release of any product always 
has at least one foolish mistake. 

Another bug was the integrated envi- 
ronment editor’s inability to handle files 
that terminated with something other 
than a Control-Z immediately following 
the last carriage return in the file. If the 
last sector of a file was simply padded 
out with nulls or if there were nulls be- 
tween the last carriage return and the 
closing Control-Z, the editor slipped into 
an “Out of Space” mode. The only way 


to regain control was to reboot the ma- 
chine. When I reported this bug, Borland 
indicated an awareness of problems in 
this area but was unable to give me any 
idea when the problem would be fixed. 

Despite these problems, the overall 
product appears to be very stable and 
well tested. 

Turbo C is a quality product. Its blaz- 
ing speed gives it an important advan- 
tage in the crowded C compiler field. Its 
price makes it an excellent value. The 
unfortunate floating point bug, the lack 
of a source-level debugger, and the lead 
time that will be required before Turbo 
C toolboxes and support libraries become 
available make me a little hesitant to 
recommend it today as the only develop- 
ment tool in a professional development 
environment. However, in most program- 
ming shops, $100 or more is spent in lost 
programmer time waiting for compiles 
every week. In this environment the com- 
pilation/syntax checking speed alone 


Performance (iterations/minute): MS-DOS 


Product 
C compilers over $200: 


Aztec C 16.7 
C Programming System 11.2 
High C 2.7 
Lattice C 14.7 
Microsoft C 15.6 
Whitesmiths C 6.6 
Wizard C 13.0 
C compilers under $200: 

Datalight C Compiler 19.1 
DeSmet C Development System 4.4 
Eco-C88 Compiler 10.5 
Turbo C 10.6 


1. Iterations in hundreds. 
2. C SORT would not run. 


eee = Data reference See 


G 
oi 
Product os os 
C compilers over $200: 
Aztec C 4,945 11,881 
C Programming System 2,107 7,228 
High C 4,522 5,955 
Lattice C 3,125 6,282 
Microsoft C 4411 13,872 
Whitesmiths C 2,419 8,571 
Wizard C 2,803 12,834 
C compilers under $200: 
Datalight C Compiler 2,931 2,884 
DeSmet C Development System 2,356 5,714 
Eco-C88 Compiler PGBS Bee 
Turbo C 2,647 12,835 
Table 3. 
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27.1 106 3,174 3,543 7,894 
Pil fep 106 5,555 6,293 3,287 
132 176 4,761 6,338 6,997 
35.9 34.4 5,309 6,122 7,920 
100 58.6 3,750 6,383 7,920 
26.6 21.2 2,112 6,206 3,157 
23.3 106 5,454 6,383 7,667 
29.5 106 1,591 6,428 7,920 
384 104 21,428 39,130 2,963 
176 104 2,263 6,250 7,920 
40.7 22.4 4,615 6,471 7,843 


aS 


rel 2 

oe 
e/ Bles= BEIT oe LD 
$e/38/aa/aa] 6F | &S 
244... 198) 327° 28) 26,250 6,000 
248 200 333 266 25,454 722 
184 205 264 228 28,000 2,955 
228 A992 248 993) 24,705 1,307 
225" 204 1935. 974 32,812 4,054 
eI 200 BIS aad 26,250 3,681 
300-204" S333 n0330 26,415 1,071 
247 200 223 248 26,250 1,027 
248 200 223 225 29,787 2,970 
248 200 248 248 22,580 1,087 
336°. .209- -331- > 386 27, A5\ 4,255 


may well make it worth getting Turbo C, 
even if another compiler is used in the fi- 
nal code generation. 

Within a year a debugger will prob- 
ably be available and the inevitable first 
version bugs will be worked out. The 
third-party software libraries will be 
available. At that point, you’ll have one 
of the best products on the market. Be- 
sides, most programmers are compiler 
speed junkies, and once you see a 7,000- 
line-per-minute compile, you will never 
want to go back to the way it used to be. 
I know I sure don’t want to. | 


By Jim Brodie 


Jim Brodie has been chairman of the 
ANSI C Programming Language Stan- 
dardization Committee since it was 
convened in June 1983. He has also 
been involved in C compiler develop- 
ment and programming for the past six 


years. 
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= 

Q 
3,409 2,814 2.4 2.5 109,489 
1,470 1,785 48 45 67,873 
4,545 2,245 6.0 0.5 85,959 
3,401 2,106 3.6 3.4 107,913 
4,966 3,778 0.6 1.7 108,303 
1,435 1,326 1.8 eye 62,893 
3,876 3,836 1.0 1.0 96,774 
5,016 3,916 0.9 0.6 114,942 
2,340 14,973 Sys iae||6)85} 108,303 
2,586 2,351 failed 35 92,307 
4,950 3,836 1.0 6:8 102,040 

Arithmetic 

me] 

E F; 

Se oy =o 
Se /| GS < 638 
43,478 44,776 19,896 23,414 52,173 
46,153 50,000 19,793 23,558 40,000 
32,432 31,578 16,202 16,410 40,268 
29,556 34,682 17,219 15,867 46,511 
33,149 35,294 20,645 26,301 50,420 
33,333 37,974 19,104 24,615 46,153 
24,489 26,087 21,098 22,994 50,420 
16,574 23,255 13,195 14,222 50,847 
35,294 43,795 10,756 13,241 55,045 
14,527 16,000 10,350 13,241 50,000 
23,904 25,641 20,645 24,615 50,420 
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spaghetti 


BASIC 


indented,structured 


C/TURBO 


Benchmark BASICA Turbo Lattice C 
| Matrix_(single) _| 50 sec | 6 sec_| 6 sec__| 


BAS C $169 


BAS PAS $129 


Free information about BAS_C,BAS_PAS, call 
Gotoless Conversion, Box50068, Denton, TX76206 


Phone (214) 221-0383 


Demo Disk $5.00 


Add Data Security to Your C Programs 


me SECURITY 


Add Fast or Thorough Encryption 
or Compression to Your Programs 
WITHOUT Royalties 
Build the safest and most popular methods of 
protecting your data directly into your program 
without paying royalties. Don’t worry if you're 
not sure what to use. The discussion of security 

methods in the manual (with demos on disk) 
will help you make a choice based on your 
application. 
With Security Library you can: 
° Keep files secure on a multi-user network 
¢ Speed up data transmission and 
communications through data compression 
* Control access based on privileges ‘given to a 
hard disk or LAN user 
“I create custom software for business 
applications. I'm using the Security Library to 
encrypt so that certain information will not be 
readily available. The documentation is 
excellent. It gives a thorough explanation about 
how you can secure a file.” 
— Bruce Philips, Custom Software Design 
Virginia Beach, CA 
Requires MSDOS 20+ Works CE eee Innovatio 
C86, Please specify compiler when you order. 


Object only: $115 
With Source: $229 


2° LIBRARY. 


You Choose the Security Level 
Algorithms provided include The National 
Bureau of Standards’ Data Encryption Standard 
(DES) and the Vernam and Vegenere ciphers. 


Encrypt a 10K file in 3 seconds with one method _ 


or 50 seconds with another. id 

Six algorithms are provided, along with 
password and non-password encryption 
schemes. 

Valuable Extras 

The Huffman coding routine can reduce the 
size of a file by 25 to 50%. The routine to change 
the attribute bytes of a file can make that file 
invulnerable to casual browsing or accidental 
deletion. There’s even a program to change 
every byte of a file to a null character - not 
even un-erase programs can recover it then! 


Call 800-821-2492 to order Security 
Library risk-free for only $125. Source 
& Object is $250. 


sos ‘ 
335-P Washington St., 


Norwell, MA 02061 
(617) 659-1571 


™ Turbo Pascal to C 


TP 2 Translation for 


POWER, PRACTICALITY, and 
PORTABILITY © 


¢ Write More Powerful & Flexible Programs 
Easily Get Started with C Programming 

¢ Keep Your Valuable Pascal Investment 
Port. Your Pascal Programs to UNIX and 
Many Other Environments 


TP2C translates better than 95% of your Turbo source; the 
clearly written documentation contains guidelines for final 
hand-conversion. 


TP2C produces standard C code direct from Turbo Pascal 
programs. Create function libraries from Pascal routines. 
Use TP2C as a C learning aid. Move Turbo programs to Unix 
or other machines. Translate whole programs or program 
segments. TP2C even handles nested procedures and inline 
assembly statements. 


Try TP2C for 30 days without risk. If you’re not satisfied within 
that time, return it for a full refund. 


For PC-DOS and MS-DOS machines. List: $249 
Ae ist: 
BISS of Louisiana 


Ours: $199 
(504) 295-0260 raise, 
5432 Superior Drive, Suite A-1, Baton Rouge, LA moengy 


FREE?*: Probe the Minds of 19 
World-Class Programmers! 


Programmers at Work is a fascinating collection of interviews with industry 
leaders like Jon Sachs, Wayne Ratliff, Dan Bricklin, and Bill Gates. “Prefaced 
by a short biography and including program doodles and samples of source code, 
each interview examines the forces, the events, and the personality traits that have 
influenced the programmers’ work.” 


FREE* or Only $14.95! 


NOW: Special OFFER! 
via coupon (or mention this ad) 

Payment method: ___ Check/MO ____ MasterCard/VISA 
Acct eS Se a eee EXD: 
Your'Computer: ee ee ee 0S; 
| Name: 
| Street: 

City: 


— from the jacket 


. $250 of any software and get 
Programmers at Work FREE! 


State: Zip: 


Ttem: Price: 


| UPS Ground $3/item, Air $6/item. (except book): 


* Order any product on this page OR 


5 (Call about other methods) Total: 
Call Today for FREE detailed : 
information or try RISK-FREE $00-421-8006 Offer expires 9/30/87. 
for 31 days HOURS: 8:30 A.M.-8:00 P.M. E.S.T. The Programmer’s Shop, 5 Pond Park Rd., Hingham, MA 02043 
5-LPond Park Road, Hingham, MA 02043 Mass: 800-442-8070 or 617-740-2510 _5/87 (800) 421-8006 or in MA (617) 740-2510 L 
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Seminars will be held in most major cities in the U.S. 


COME SEE WHY MAJOR COMPAHRIES ARE STANDARDIZING WITH US!!! 


e Easy to Install e Friendly User Interface e Pricing « Easy to Learn e 
e Interactive Data Dictionary e Expert Rules Analysis « Flexible Graphics e 


STEP INTO CASE YOUR WAY FOR $595.00 


Step 1 DIAGRAMMING WITH A FUTURE: THE VISIBLE ANALYST® $595.00 
The right place to start for new system design or to document existing systems. Features 
include: Mouse Driven Graphics, Custom Symbols, Tree File Structured Projects, 
Constructs, Unlimited Nested Decompositions, Variety of Line Styles, Variety of Text Fonts, 
Block Move and More. 


Step 2 THE STRUCTURED UPGRADE: THE VISIBLE RULES $595.00 
Brings structured techniques to your company. Features include: Support for Yourdon or 
Gane & Sarson, Automatic Level Balancing, Consistency Checking, Error Listings and More. 


Step 3 THE WORKBENCH UPGRADE: THE VISIBLE DICTIONARY $595.00 
Features: Fast Interactive Comprehensive Data Dictionary that populates automatically, 
Extensive Reporting Capabilities, ASCII Files and Formats provided for easy uploads. 


Step 4 THE LAN BASED WORKBENCH: COMING SOON 


Currently under development for the Novell Advanced Netware 286. 


Step 5 THE FUTURE WORKBENCH: UPDATES AND MAINTENANCE 
For just $50.00 per Workbench module per year you can insure that you stay tuned to the 
evolution in case technology. 


THE COMMON SENSE CASE TOOLS rrom 
VISIBLE SYSTEMS CORPORATION 
49 Lexington Street, Newton, MA 02165 
SALES HOTLINE: (617) 969-4100 or 369-1800 
THE LEADER IN LOW COST CASE TOOLS 
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SOFTWARE REVIEWS 
| <a: 


or most program- 
mers, the scenario 
for building a 


stand-alone, executable application is 
simple: use an editor to create a source 
file, run your code through a compiler to 
translate the source code to object code, 
and then invoke a linker to create an ex- 
ecutable file. 

Of the three steps, linking is usually 
glossed over as magic—you do it because 
it will make the program work. Exactly 
what is being linked together is rarely 
considered. In actuality, the C linking 
step can be more important than 
compilation. 

C’s designers set out to create a lan- 
guage that would be portable across a 
variety of operating systems. They delib- 
erately omitted any features for I/O, 
memory management, string handling, 
and mathematics. Instead they made C 
flexible enough that functions for all 
these areas could be implemented in C 
with relatively little need to resort to as- 
sembly language. 

For C, the supporting functions are 
provided in run-time libraries. Every ven- 
dor’s compiler package includes libraries 
that use standard interface models. The 
libraries’ routines generally provide for 
program I/O, dynamic memory manage- 
ment, mathematical functions (beyond 
whatever might be primitively supported 
by the target CPU), and miscellaneous 
system support (for example, multitask- 
ing or a command-line interface). 

Given this situation, it’s easy to see 
why a market has developed for third- 
party libraries. These libraries provide 
additional functions that handle both al- 
ternative interface models and new areas 
like windowing, menus, and data base 
management. 

These libraries also provide the tools 
that developers of large applications 
need. For the microcomputer, third-party 
libraries include functions that handle 
operating system duties or simply provide 
a C-callable entry point for internal 
operations. By hiding the details of these 
internal operations’ use, library functions 
not only speed up development but also 


12 function libraries for C developers 


By George Defenbaugh, Howard Modell, Richard Smedley 


enhance the maintainability of large 
applications. 

For this review, we’ve chosen run-time 
library packages from a dozen vendors. 
All the libraries are for use in the 
PC/MS-DOS environment. Most of the 
libraries we used were for Microsoft C v. 
4.0, though a few are for other vendors’ 
compilers. In several cases, a library is 
available for several compilers. 

We tried to standardize on the Micro- 
soft C v. 4.0 versions of the libraries to 
minimize compatibility problems, but it 
wasn’t always possible. In the reviews, we 
note when a library is for a different 
compiler. 

We examined each product for the 
breadth of its functions, clarity and accu- 
racy of the documentation, and ease of 
installation and use. In evaluating the 
packages, we tried to keep in mind that 
the Microsoft compiler comes with its 
own rich library of functions. We also 
had to correlate similar functions that 
appeared under different names in var- 
ious packages. 

The accompanying tables (pp. 100- 
110) compare the features of the differ- 
ent libraries. If two libraries’ functions 
provide the same (or similar) services, 
then those functions are noted in the 
same table. The tables are organized by 
the general category of service provided. 

Please do not interpret the absence of 
a particular feature in a product as a 
sign of inferiority. Since many of the li- 
braries had well over 100 functions and 
extensive documentation, it’s possible we 
skipped over a few functions. Also, it 
wasn’t always easy to decide where to 
record some of the functions or if they 
were the same as ones already entered. 

Finally, we weren’t able to try out ev- 
ery function. If a library provided an un- 
usual service, we usually didn’t have time 
to invent a suitable test program. 

The products reviewed are Sterling 
Castle Software’s Blackstar C Function 
Library, Entelekon’s C Function Library, 
Polytron’s C Library, Nostradamus’s C- 
Plus, Blaise Computing’s C Tools Plus, 
Essential Software’s C Utility Library, 
Custom Design Systems’ C-Worthy, 
Greenleaf Software’s The Greenleaf 
Functions, OES Systems’ The HAM- 


MER Library, Lattice C-Food Smorgas- 
bord, Phoenix Computer Products’ 
PforCe, and C Ware’s Tools —H.M. 


Sterling Castle Software 

Blackstar C Function Library v. 3.0 
Sterling Castle’s Blackstar C Function 
Library comes with a 60-day, money- 
back guarantee. If you’re in need of a 
good general-purpose library, this unusu- 
al policy is an offer you can’t refuse. 

Blackstar has over 275 functions that 
provide the usual file handling, string, 
and screen functions, as well as device 
support for mice, printers, and serial 
communications. Also included are a 
comprehensive set of functions to handle 
date and time manipulations and a nice 
set of bit-mapped graphics routines. The 
package provides include and source files 
and installation batch files. The entire 
installation process is well covered in the 
manual. 

The Blackstar library is divided into 
two fully functional libraries. IBMLIB. 
LIB has the IBM-specific interface prim- 
itives routines that handle the various de- 
vices. CLIB.LIB has the high-level C 
routines that are the primary library 
functions. 

IBMLIB.LIB is written primarily in 
assembler, CLIB.LIB in C. Source code 
is included for both libraries; they’re well 
documented and should be easy to modi- 
fy if necessary. 

The naming conventions for the li- 
brary, header files, and functions are 
consistent and thoroughly explained in 
the manual. For example, the screen 
functions all begin with the prefix sc_, 
printer functions with pr_, and ANSI 
console functions with co_. These pre- 
fixes make it easy to determine a func- 
tion’s category. 

The library supports the small-, medi- 
um-, and large-memory models of the 
Microsoft and Lattice compilers. Howev- 
er, you must reassemble and recompile 
the source with the appropriate #define 
switches set in the include files 
MMODEL.MAC and BLACKSTR.H. 
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DIRECTLY 
ACCESS 


dBASE Ill 
DATA FILES 


db DOS $39.95 

CREATE, VIEW AND EDIT dBase III 
data files from the DOS prompt. Use 
fast and powerful full screen editing 
with search, append and direct 
GOTO capabilities. Output to the 
screen or printer at your choice. All 
this from the DOS prompt. 


db PASCAL $29.95 


TURBO CHARGE YOUR TURBO PAS- 
CAL FILE ACCESS by using dBase III 
data files. Simple dBase III file 
access allows report output with 
turbo speed. Includes a create util- 
ity which writes record structure 
code automatically. This allows field 
access using dBase field names. 
Sample programs provided and 
source code is included. 


ORDER NOW 


Phone orders 


1-800-433-6854 


In Arizona 


(602) 435-2370 


Or-send check or money order to: 
LogicPath PO. Box 1267 


Chandler, Arizona 85224-1267. 

We welcome Visa/MC or COD in certified US 
funds only. Add $2.50 for shipping per order. In 
Arizona add 6% sales tax. Call or write 

for other products or additional information 
(602) 435-2370. 


OGIC ATH 


P.O. Box 1267 © Chandler, AZ 85244-1267 
dBase III is a trademark of Ashton-Tate. 
Turbo Pascal is a trademark of Borland Intl. 
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Batch files automate the entire process, 
with command-line switches for the 
memory model desired. If you have to 
adjust your software to support different 
memory-usage environments, you’ll ap- 
preciate this feature. 

The documentation is concise, easy to 
follow, and not burdened with unneces- 
sarily wordy explanations. Each function 
is presented on a separate page with a 
thorough synopsis, description, short ex- 
ample code fragment, and reference sec- 
tion when appropriate. The code 
examples could stand some improvement, 
with better explanations of the function 
invocations. In some cases, the meaning 
of the formal parameters and return val- 
ues is not very clear. 

The manual’s appendix A contains the 
include file listings, a handy feature 
since they'll be frequently referenced. 
The manual could use a topical index, al- 
though the manual’s organization is so 
logical and complete that it may not be 
needed. The beginning of the manual has 
a functional index that’s indexed alpha- 
betically and by function category. 

Blackstar includes source and executa- 
bles for some 12 test programs that dem- 
onstrate almost every library function 
available. Although the programs aren’t 
showy, they do demonstrate the library’s 
capabilities. 

Many of the test programs state which 
functions are being tested—a nice touch. 
I can’t brag on their user friendliness 
since two of them forced a warm boot of 
my system. In particular, the graphics 
demo ran fine but left my system frozen 
upon completion; the only way out was 
the all-too-familar Control-Alt-Del. 

I examined the source code and found 
that after the graphics demo, the pro- 
gram continues with a mouse test rou- 
tine. I don’t have a mouse. The program 
appears to have an error trap for this 
condition, but I don’t think it works. 

I'd advise against running the printer 
test program unless you’re willing to sac- 
rifice numerous sheets of paper. The 
package’s general attention to detail isn’t 
evident in the test programs. With a lit- 
tle improvement, they could be an in- 
valuable aid to understanding the library 
functions. 

The Blackstar library contains just 
about every conceivable general function 
you’ll need for basic application develop- 
ment. Screen-handling functions handle 
both ANSI.SYS support and the BIOS 
equivalents. Full color control, rectangu- 
lar-region manipulation, cursor control, 
and formatted I/O of the basic integer, 
character, and string data types are in- 
cluded. True windowing is not provided, 
but the two functions sc_winpush and 
Sc_winpop can be used to save and re- 
store portions of the display. I suppose 
with a little imagination and a fair 
amount of programming, rudimentary 
windowing could be done. 


The library’s device support is impres- 
sive. As mentioned, there are functions 
to handle mice, printers, and serial com- 
munications. Two functions handle inter- 
rupt service routines for the mouse and 
printer interfaces, but interrupt service 
routines using DOS calls are not sup- 
ported (the manual warns of reentrancy 
problems associated with their use). At- 
tribute arrays are used to handle most 
devices; they can be adjusted for a vari- 
ety of hardware requirements. 

The bit-mapped graphics functions can 
plot points, draw lines, and scale, draw, 
and fill shapes. Shapes are drawn using 
the function gr_draw, which requires an 
integer array argument with the point 
coordinates of the shape to be drawn. 
gr_poly draws regular or irregular poly- 
gons using the same scheme. 

Blackstar provides functions to restrict 
graphics operations to a particular rec- 
tangular region of the display, including 
clipping and scaling operations. Al- 
though a circle function is not provided, 
it would be relatively simple to add one 
using gr_poly. 

The library uses Bresenham’s algo- 
rithm to draw lines, a well-known, fast 
technique that avoids the inherently slow 
multiplication and division operations. 
The gr_fill() function is used to fill 
graphics display regions. It’s slow for 
large areas, possibly due to its recursive 
implementation and the inherent prob- 
lems associated with this sort of oper- 
ation. However, it should be sufficiently 
fast for most applications. 

The package’s keyboard functions in- 
clude the ones found in any good compil- 
er library, as well as routines to process 
special input like function keys. The li- 
brary routines use a translation table 
contained in the header file 
KB_HEAD.H to recognize valid control 
keystrokes. 

The date and time functions are some 
of the most thorough I’ve seen in any li- 
brary. Thirty-nine functions do every- 
thing from adding and subtracting long 
dates to determining if the current year 
is a leap year. If your application needs 
extensive support in this area, you can’t 
go wrong choosing this library. 

Included with the package are three 
useful utilities: cprint (a pretty printer), 
docxtract (which builds the beginnings 
of a document file for your programs), 
and gfind (a nice utility that finds and 
matches strings given on a source file’s 
command line). 

I tested all three utilities on one of my 
source files and had mixed results. I used 
docxtract on one of the library source 
files, and it satisfactorily produced an 
outline of the library’s functions. 

The cprint utility worked fine except 
the page numbers didn’t align correctly, 
presumably because the print functions 


were not set up for my printer. The head- 
er file PR_DEFS.H that contains the 
needed definitions didn’t have a set for 
my printer (a Gemini 10X). The printer 
codes that are recognized are encoded as 
an array; new arrays must be added for 
additional printer types. cprint does pro- 
duce an identification header and line 
numbers in printed output, which is use- 
ful for documenting programs. 

I received version 4 of the Blackstar li- 
brary just in time for this review. The 
new version should be available by the 
time you read this. For those of you who 
like to peek ahead, here are a few of the 
new features. 

The library now supports DOS calls 
from memory-resident Interrupt Service 
Routine (ISR) applications. Also sup- 
ported is the IBM Enhanced Graphics 
Adapter (EGA). I didn’t have time to 
closely examine the new features, but it 
appeared that each of the current groups 
of functions is affected to some degree. 

The new documentation has detailed 
explanations of the various function 
types. Finally, Sterling Castle promises 
that Borland International’s Turbo C will 
be supported in its small- and large- 
memory models. 

Even if Blackstar is the only library 
you purchase, it’ll probably have most ev- 
erything you'll need for general-purpose 
programming. If all you need is some ba- 
sic device support and a decent set of bit- 
mapped graphics routines, it’s perfect. 
The package’s high quality is apparent 
from the moment you open the box; it 
should only improve as the product 
matures.—R.S. 


Entelekon 

C Function Library v. 3.4 

Entelekon’s C Function Library is a gen- 
eral-purpose C utility package that will 
appeal to certain types of programmers. 
Its contents are quite different from most 
of the other packages reviewed so pro- 
spective buyers should note exactly what 
the library does and does not contain. 

C Function Library comes without any 
installation program or .LIB files, but 
does contain the C and assembler source 
code for the entire library. You must 
compile your own library, and there is no 
make or batch file to assist with the in- 
stallation. It’s either brute force or a cre- 
ative alternative. 

I used the Microsoft compiler’s ability 
to accept wild card file names. I copied 
every function to my thankfully large 
RAM disk and let go with a CL -c *.c. 
After about 10 minutes on an 8MHz AT, 
the CL command cratered with a busted 
stack. After deleting a few .C files, I 
managed to finish the process; I still had 
the task of creating the library in front 
of me. 

The syntax for invoking the LIB pro- 
gram that’s supplied with DOS and all 


LPi-COBOL 
YOUR SECOND CHOICE 


Your first choice was a COBOL that produced slow applications —and 
what else would you expect from an interpreter? It didn’t even let you 
use SORT. But it was cheap all right. 

Or maybe your first choice was a souped-up interpreter whose most 
distinct “feature” was that no applications had access to any database 
management system, or for that purpose, anything else not written in 
that COBOL. It also did not help that the support was a joke. And this one 
wasn’t even cheap. 

Now you are locked either into a tired interpreter, or into a supplier 
whose support organization seems to be on a different continent. 

Language Processors, Inc., an innovator in compiler technology, has 
your solution: LPI-COBOL which makes these 16-bit compilers two-bit 
weaklings. LPI-COBOL allows you to retain your present COBOL applica- 
tions by letting you recompile them with a compiler which is fully com- 
patible with RW/COBOL and Micro Focus COBOL. It is a true compiler 
that produces fast and compact machine code. 

Your applications will run faster, and will be debugged faster with 
LPI-DEBUG, a source-level debugger. They will have access to ORACLE, 
INFORMIX, UNIFY and other database management systems. 

LPI-COBOLis just one of an entire family of compilers. The LPI family allows you to 
develop every subprogram of an application in the LPI language best suited for the job, 
and then execute cross-language calls between the subprograms. You choose the 
language—we will supply the compiler—with the support that made us stand above 
the crowd. 


And next time your choice will be easier—you will not be locked in. 

LPI-COBOLis a GSA-certified High Level implementation of ANSI COBOL-74. It complies with X/OPEN 
requirements and has extensions for compatibility with IBM/370 COBOL and ANSI COBOL-68. The compati- 
bility with RM/COBOL and Micro Focus COBOLare user selectable options of the LPI-COBOL compiler, not 
clumsy preprocessors. 

Available on MC680X0-based computers, such as Altos, Arete, AT&T, CT, 
NCR, Sun and Unisys. 

NEW: on AT&T 3B2,3B5 and 3B15 Series computers. 
NEW: on Intel 80386-based computers. 

Call the LPI Retail Group now to order, or send the coupon. Prices start at 
$995 for 80386 machines. 


Copyright 1987 by Language Processors, Inc. LPl and LP! Logo are trademarks of Language Processors, Inc. 
The companies mentioned above own numerous registered trademarks. 
es se ee ee ee ee ee ee ee ee ee ee ee ee ee 


Ineed more information on LPI-COBOL for the following computers: 


Ineed more information on your other language(s): 


Name Title (or attach your business card) 


Address Phone 


Language Processors, Inc.,400-1 Totten Pond 
Road, Waltham, MA 02154 

Telephone: 617-890-1155 Telefax: 617-890-5633 
Telex: 951-671 


LPI 


The Language Source 


CL 8/87 


te a cee 


LPI: COBOL, RPG II, 
PL/I, BASIC, FORTRAN, PASCAL, C, DEBUG 
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Microsoft language products isn’t as con- 
venient as the syntax for the CL com- 
mand, so I redirected the output of my 
LS command (a DIR replacement) to a 
disk file. I then edited the disk file, form- 
ing it into a response file for the LIB 
program. (The LIB program reads com- 
mands from the response file instead of 
looking to the keyboard for its input.) It 
took only a moment for the LIB program 
to create the desired library file, which 
turned out to be about 90K for the 
small-memory model of Microsoft C v. 
4.0. 

I found the whole process somewhat 
challenging, but not all purchasers would 
be amused at the work required to install 
the package. This isn’t a load-and-go 
package that you can just drop onto your 
disk and begin using. 

Actually, the compile process was not 
without its glitches. One of the new func- 
tions supplied with v. 3.4 had a syntax 
error: unsigned was spelled usigned. A 
header file also had an error with an at- 
tempt to initialize an external variable as 
part of the declaration. When these 
small typos were fixed, everything 
worked fine. Entelekon was very helpful 
when I called and more than willing to 
replace any disks that contained faulty 
code. 

The functions that manage doubly 
linked lists will not compile without al- 
teration since they reference a nonexis- 
tent structure member Q. To use the 
functions, you must replace Q with your 
own structure name. You'll need to in- 
clude them in your program or else 
change, compile, and put them into a 
separate library for each application. 

The Entelekon package doesn’t include 
a demo program. To test the library I 
had built, I wrote a small program, and 
that’s when the real fun began. 

I'll confess that although I had read 
the installation instructions, I hadn’t tak- 
en to heart the part that said I needed to 
assemble all the assembly language mod- 
ules. I’d found a whole set of .OBJ mod- 
ules (from assembler source) on one of 
the disks and figured they’d been pro- 
vided so I could avoid doing any assem- 
bly. (What if I hadn’t owned an 
assembler?) 

I added the modules to my library. As 
it turns out, they were for the large- 
memory model only (not the one I was 
using). When I tried to link my program, 
the linker naturally went bananas. 

I reread the instructions and discov- 
ered that not only did I need to assemble 
all the ASM files but I also had to edit 
the external names so that they had lead- 
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ing underscores. This is because Micro- 
soft’s C compiler is XENIX compatible 
and the leading underscore is part of the 
forthcoming C standard for internal sys- 
tem names. 

I decided to fix the two modules my 
small program needed. Finally I got a 
clean compile, but I wasn’t home free 
yet. 

My test program used the 3-D menu 
function so I expected to see a menu of 
some sort appear. Instead, I found that 
the documentation had a small mistake 
about the number of arguments required 
by the 3-D function. After some debug- 
ging, I actually got the 3-D menu to 
work. 

This last problem illustrates the need 
for prototype definitions of all library 
functions. If a prototype definition had 
been available, I could have compiled my 
program and the called function and 
identified any differences between the ar- 
guments I used and what the function 
was expecting. 

C Function Library makes extensive 
use of macros to enhance its usefulness. 
The library’s functions are probabl larg- 
er than most packages’ and take m«re 
arguments. Rather than each having a 
single purpose, they’re designed to do 
multiple things. 

One or more of a function’s arguments 
is a code that directs the function what 
to do. When used, the macros supply the 
code for a specified use and leave the 
other parameters to be specified through 
arguments to the macro. ANSI.SYS is 
supported through macros that use the 
basic printing functions. 

The documentation is primarily neatly 
organized source code printed on 8%4- x 
11-inch paper. A paragraph at the front 
of each section describes each function. 
The manual doesn’t have a general in- 
dex, an alphabetical index of function 
names, or a list of function descriptions. 
You are expected to print the manual 
yourself, although-you can purchase one 
for an additional fée. 

The code is very clearly written and 
extremely well commented. The com- 
ments don’t give examples of how to in- 
voke the function but are some of the 
best I’ve ever seen in any program. 

This library is not for those who need 
a load-and-go package. With Entelekon’s 
C Function Library, you’ll have to use 
both an assembler and the LIB library 
manager. You might consider this pack- 
age if you plan to become well acquaint- 
ed with the library’s source code. 

Like many other vendors, Entelekon 
bundles this package with numerous oth- 
er products. Taken as a whole, a set of 
software can be a good buy. I’d recom- 
mend investigating the various deals of- 
fered since buying a number of packages 
from one vendor can result in significant 
savings.—G.D. 


Polytron 

C Library v. 1.1B 

Polytron’s C Library is a small library 
that’s billed as featuring “high-perfor- 
mance” routines for use with the Lattice 
C compiler. Like Lattice C-Food Smor- 
gasbord, it provides functions beyond 
those included with the Lattice compiler. 

C Library provides two sets of library 
files, PC1.LIB and PCIO*.LIB. 
PC1.LIB has the DOS interface func- 
tions—they don’t generally require a 
particular version of DOS. PCIO*.LIB 
contains routines that need a particular 
version of DOS. The routine libraries’ 
names reflect their dependency: PCIO1. 
LIB is compatible with DOS 1.1, 
PCIO2.LIB with DOS 2.0 or later, and 
PCIOi2.LIB can sense the environment 
and adjust. 

The package doesn’t have an automat- 
ed installation procedure—you have to 
copy the files you need from each of the 
two disks provided. The PC1.LIB file is 
on the first disk with related source and 
header files. The second disk has the 
PCIO*.LIB files and their associated 
source files. The five header files should 
be loaded as well. A READ.ME file on 
both disks describes some last-minute 
changes and fixes. 

The manual’s table of contents lists 
the functions by library. Each entry gives 
the name of a function, a capsule de- 
scription of the service provided, and the 
full description’s page number. In both 
the table of contents and the body of the 
manual, the names are arranged = a 
alphabetically. 

C Library’s functions support DOS 
and BIOS service access, as well as a few 
useful metafunctions for things like 
checking a file name for wild card char- 
acters. In some cases, the functions du- 
plicate those supplied with the Lattice 
compiler without providing additional 
power. 

Functions are available for memory 
management, file 1/O and management, 
directory manipulation, serial port com- 
munications, interrupt handling, string 
handling, and standard C functions like 
setjmp, longjmp, rand, and srand (ran- 
dom number generation). File access 
routines are in the PCIO library; the 
others are in the PC library. 

One useful function included that I 
haven’t seen elsewhere changes the DOS 
command option separator character (it’s 
usually a slash—/). The documentation 
explains that this function relies on an 
undocumented DOS interrupt service, 
which agrees with information I’ve read 
elsewhere. It may not work with future 
versions of DOS, but Polytron guarantees 
it through DOS 2.10. 

The documentation comes in a nice 
binder and looks like it was produced on 


C CODE FOR THE PC 


source code, of course 
C Source Code 


PSPi(screendmanapger), a. gx fo Sn Sel : $400 
GraphiC 4.0 (high-resolution, DISSPLA-style sienitic eee in eat & ee, $275 
Vitamin C (Mac Windows) $200 
Essential C Utility Library (400 a G aie Pe Sh $160 
Essential Communications Library (C functions for RS- 232- peed communication systems) . $160 
Panache C Program Generator (screen-based database management programs) $150 
B-Tree Library & ISAM Driver (file system utilities by Hee ‘ $100 
The Profiler (program execution profile tool) . . .. . : $100 
QC88 C compiler (ASM output, small model, no longs, Hones or bit fields, 80+ fein fae $90 
CBTree (B+tree ISAM driver, multiple variable-length keys) Mae $80 
ME (programmer’s editor with C-like macro language by Magma fimare) $75 
Wendin PCNX Operating System Shell $75 
Wendin PCVMS Operating System Shell . $75 
Wendin Operating System Construction Kit $75 
Entelekon C Function Library (screen, graphics, keyboard, string, printer, etc.) $70 
Entelekon Power Windows (menus, overlays, messages, alarms, file handling, etc.) . $70 
EZ_ASM (assembly language macros bridging C and MASM) . . $60 
Make (macros, all languages, built-in rules) Si ae $50 
Vector-to-Raster Conversion (stroke letters & Tektronix 4010 ced to bitmaps) $50 
Coder’s Prolog (inference engine for use with C programs) cartes - Rae isi: $45 
PC/MPX (light-weight process manager; includes preemption and cooroutine ie ae $45 
Biggerstaff’s System Tools (multi-tasking window manager kit) . $40 
TELE Kernel (Ken Berry’s multi-tasking kernel) $30 
TELE Windows (Ken Berry’s window package) . : $30 
Clisp (Lisp interpreter with extensive internals documentation) . cae $30 
Translate Rules to C (YACC-like function generator for rule-based isi) $30 
6-Pack of Editors (six public domain editors for use, study & hacking) . . $30 
ICON (string and list processing language, Version 6 and Petes? Slee $25 
LEX (lexical analyzer generator) dacs bakes Ws spe led satan $25 
Bison & PREP (YACC workalike parser generator & aunts grammar angpaecesien : $25 
C Compiler Torture Test (checks a C compiler against K & R) $20 
PKG (task-to-task protocol package) ; Ree Re abe: $20 
AGS:(C8000icresscassembler) 2-2 6 eo LR $20 
Small-C (C subset compiler for 8080 _ 308s). $20 
tiny-c (C subsubset interpreter including the tiny-c Aone $20 
Xlisp 1.5a (Lisp interpreter including tiny-Prolog in Lisp) $20 
List-Pac (C functions for lists, stacks, and queues) $20 
XLT Macro Processor (general purpose text translator) Saeed “x. 0" Sy nega MS $15 
C Tools (exception macros, wc, pp, roff, grep, printf, hash, declare, banner, Pascal-to-C) . . $15 
Data 

Webster’s Second Dictionary (234,932 words) . Sees ; $60 
U. S. Cities (names & longitude/latitude of 32 (000 U. S. cities ake 6,000 state ae sts sesh F $35 
The World Digitized (100,000 longitude/latitude of world country boundaries) $30 
KST Fonts (13,200 characters in 139 mixed fonts: specify TeX or bitmap format) . $30 
NBS Hershey Fonts (1,377 stroke characters in 14 fonts) $15 
U. S. Map (15,701 points of state boundaries) ............ $15 

The Austin Code Works 
11100 Leafwood Lane 
Austin, Texas 78750-8409 
(512) 258-0785 
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a PC but not printed from one—a good 
compromise. If you want to manipulate 
the library routines themselves, it fea- 
tures a good description of the public 
variables used by the routines. Source 
code is provided (a mixture of assembler 
and C) along with a make file that’s only 
useful if you have Polytron’s PolyMake 
utility. 

C Library includes a utility, F7L7; that 
preprocesses the package’s source code, 
filtering out selected lines. You can tailor 
the program initialization module to con- 
trol aspects of run-time memory manage- 
ment, the information generated about 
the run-time stack (relevant for building 
.COM files) and whether a program can 
manipulate the DOS environment array. 
A standard initialization module is pro- 
vided. (The program initialization mod- 
ule is the code that sets up the C 
environment before passing control to 
main.) 

With C Library, you don’t have to 
reinvent the wheel, so I might recom- 
mend it to beginning C programmers. 
However, I don’t think it’s the right 
choice for experienced C programmers. 
—H.M. 


Nostradamus 

C-Plus v. 1.0 

Nostradamus’s C-Plus library comes in a 
plastic folding case with one disk and a 
60-page manual. The library, header 
files, and demo programs all fit on a sin- 
gle disk; library source code isn’t 
included. 

C-Plus doesn’t have installation 
instructions or batch files to get you up 
and running. The demo programs are 
given as source code and must be com- 
piled and linked with the library before 
use. C-Plus requires a compiler’s large- 
memory model, a fact stated only in a 
READ.ME file. 

The library itself is divided into four 
general sections: screen support, menu 
support, formatted display I/O, and 
DOS file support. Although the library 
includes other categories of functions, 
those categories have too few functions 
to be significant. (There’s one function 
apiece for the keyboard, sound genera- 
tion, graphics, and diagnostics.) 

The screen support functions consist of 
low-level routines that directly access 
screen memory. The functions let you 
control reads from and writes to the dis- 
play, including color and cursor position- 
ing. These functions offer display 
primitives but don’t include maskable 
I/O routines (they’re provided in the for- 
matted-display I/O functions). 


ry 
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C-Plus also has functions to turn the 
cursor and display on and off and save 
and restore the screen. Since the package 
uses direct memory access to manipulate 
the display data, your code will be fast 
but not portable: No I/O interface driv- 
ers are used so the library can’t be port- 
ed to non-IBM-compatible machines. 

The screen save/restore feature con- 
sists of a single function call that takes 
an integer argument to specify the de- 
sired action. One option saves the screen 
and cursor position; a second saves the 
screen and cursor position, clears the 
screen, and moves the cursor home; and 
a third restores the screen and moves the 
cursor home. 

I was disturbed that the documenta- 
tion didn’t clearly explain where the 
original screen data is stored by the func- 
tion. Apparently the display data is 
stowed somewhere in memory (using the 
DOS allocate memory function call?), 
and the function doesn’t return an error 
code. In fact, the function declaration 
extern void far pascal snapnost(int) sug- 
gests error trapping isn’t possible. This 
isn’t the sort of coding that results in 
bulletproof application programs. 

The remaining screen-handling func- 
tions are for fast display of reads and 
writes, setting colors, manipulating attri- 
bute bytes, and a few other tasks. Al- 
though there’s a function to determine 
the display type (color or monochrome), 
there’s nothing to set the display mode or 
interrogate the display controller card. 
One useful function allows screen data to 
be moved to the video RAM in synchro- 
nization with the vertical retrace period 
of display hardware, permitting snow- 
free video writes. 

The function menunost handles menu 
support; it takes nine arguments. Display 
formats are limited. When I compiled 
the demo program nsamp14.c using the 
large-memory model option, it worked 
fine. Close examination of the source 
code revealed a clumsy approach to 
menu selection mobility. 

To navigate the menu, a long series of 
case statements (each calling menunost) 
must be used. Further, you have to know 
the actual structure of the menu text to 
instruct the function which direction to 
move (up, down, right, or left). You'll 
have to modify your application code ev- 
ery time a menu item is added or 
deleted. 

One of the library’s most powerful of- 
ferings is its formatted-display I/O func- 
tions. Maskable I/O fields can be 
generated, with provision for handling 
string, real, and integer data types. You 
generate display masks by passing a con- 
trol string to mfnosc; the masks are simi- 
lar to the picture definitions used in 
fourth generation data base packages. C- 
Plus supports a full spectrum of editing 
control keys, and you can rove among the 
various fields displayed on screen. 


The DOS file support functions are 
the garden-variety type found in most 
general libraries and, more recently, in 
the libraries supplied with your favorite 
compiler. Functions provided include di- 
rectory management, file read and write, 
and file attribute manipulation. 

All of C-Plus’s functions must be de- 
clared using the syntax extern void far 
pascal <function_name()>. None of 
the functions include return arguments. 
Error reporting is implemented by pass- 
ing an error code back to the caller via a 
pointer to a passed argument to the func- 
tion. This is nonstandard, to say the 
least. 

I found the declarations themselves 
strange. Although the library is written 
in assembler, I suspected that Nostrada- 
mus used Pascal calling conventions. 
When I looked at the mapgen.c file, I 
found references to files with .PAS ex- 
tensions. I can’t think why Pascal calling 
conventions should be used to interface 
assembly procedures with C unless the li- 
brary was originally designed for use 
with Pascal. 

An important point regarding declara- 
tions: programs are coerced into using 
the large-memory model (with far point- 
ers). If you’re looking for speed, this may 
not be desirable. 

._ As mentioned, library source code isn’t 
included. The only source files supplied 
are include/copy (?) files and some ex- 
ample programs. The include files end in 
the file extension .C instead of the usual 
ARE 

These files are a mess, with #defines 
coded in lowercase letters and undocu- 
mented C functions that call assembly 
procedures. #includes are used for stan- 
dard library header files. Function proto- 
types lack switches to disable strong 
argument type checking. If you buy C- 
Plus, you’d be wise to scrutinize these 
files. 

One of the package’s desirable fea- 
tures is a memory-resident pop-up refer- 
ence facility that’s included on the 
distribution disk as a .COM file with the 
associated help screens. When I tried it, 
I was disappointed to find that the help 
screens consist primarily of prototype 
listings grouped by function category. 

The help screens popped up in color, 
forcing me to use my low-resolution color 
monitor. The manual doesn’t cover how 
to bring the screens up in black-and- 
white graphics mode. 

Unfortunately, the reference program 
can’t detect if multiple resident copies of 
itself have been installed. When I tried 
to print this review, the resident code 
made my print utility fail. I had to doa 
warm boot to get rid of the offending ex- 
tra copies in memory. 


SAS Institute Inc. 
Announces 


Lattice C Compilers for Your IBM Mainframe 


Two years ago... 

SAS Institute launched an effort to develop a 
subset of the SAS® Software System for the 
IBM Personal Computer. After careful study, 
we agreed that C was the programming 
language of choice. And that the 

Lattice® C compiler offered the quality, 
speed, and efficiency we needed. 


One year ago... 

Development had progressed so well that we 
expanded our efforts to include the entire 
SAS System on a PC, written in C. And to 
insure that the language, syntax, and 
commands would be identical across all 
operating systems, we decided that all future 
versions of the SAS System—regardless of 
hardware—would be derived from the same 
source code written in C. That meant that 
we needed a C compiler for IBM 370 main- 
frames. And it had to be good, since all our 
software products would depend on it. 

So we approached Lattice, Inc. and asked 
if we could implement a version of the 
Lattice C compiler for IBM mainframes. 
With Lattice, Inc.’s agreement, development 
began and progressed rapidly. 


Today... 
Our efforts are complete—we have a first- 
rate IBM 370 C compiler. And we are 
pleased to offer this development tool to 
you. Now you can write in a single 
language that is source code compatible with 
your IBM mainframe and your IBM PC. We 
have faithfully implemented not only the 
language, but also the supporting library and 
environment. 

Features of the Lattice C compiler for 
the 370 include: 


@ Generation of reentrant object code. 
Reentrancy allows many users to share 
the same code. Reentrancy is not an 
easy feature to achieve on the 370, 
especially if you use non-constant 
external variables, but we did it. 

@ Optimization of the generated code. We 
know the 370 instruction set and the 
various 370 operating environments. We 
have over 100 staff years of assembler 
language systems experience on our 
development team. 

@ Generated code executable in both 
24-bit and 31-bit addressing modes. You 
can run compiled programs above the 
16 megabyte line in MVS/XA. 

Generated code identical for OS and 
CMS operating systems. You can move 
modules between MVS and CMS 

,without even recompiling. 

@ Complete libraries. We have 
implemented all the library routines 
described by Kernighan and Ritchie (the 
informal C standard), and all the library 


routines supported by Lattice (except 
operating system dependent routines), 
plus extensions for dealing with 370 
operating environments directly. 
Especially significant is our 
byte-addressable Unix®-style I/O 
access method. 

@ Built-in functions. Many of the 
traditional string handling functions are 
available as built-in functions, generating 
in-line machine code rather than function 
calls. Your call to move a string can result 
in just one MVC instruction rather than a 
function call and a loop. 


In addition to mainframe software 
development, you can also use our new 
cross-compiler to develop PC software on 
your IBM mainframe. With our cross- 
compiler, you can compile Lattice C 
programs on your mainframe and generate 
object code ready to download to your PC. 

With the cross-compiler, we also offer 
PLINK86™ and PLIB86™ by Phoenix 
Software Associates Ltd. The Phoenix link- 
editor and library management facility can 
bind several compiled programs on the 
mainframe and download immediately 
executable modules to your PC. 


Tomorrow... 

We believe that the C language offers the 
SAS System the path to true portability and 
maintainability. And we believe that other 
companies will make similar strategic 
decisions about C. Already, C is taught in 
most college computer science curriculums, 
and is replacing older languages in many. 
And almost every computer introduced to 
the market now has a C compiler. 


C, the language of 
choice... 


C supports structured programming with 
superior control features for conditionals, 
iteration, and case selection. C is good for 
data structures, with its elegant implemen- 
tation of structures and pointers. C is 
conducive to portable coding. It is simple 
to adjust for the size differences of data 
elements on different machines. 


Continuous support... 

At SAS Institute, we support all our 
products. You license them annually; we 
support them continuously. You get updates 
at no additional charge. We have a 
continuing commitment to make our 
compiler better and better. We have the 
ultimate incentive—all our software 
products depend on it. 


For more information... 
Complete and mail the coupon today. 
Because we've got the development tool for 
your tomorrow. 


® 


SAS Institute Inc. 

SAS Circle, Box 8000 

Cary, NC 27511-8000 

Telephone (919) 467-8000 x 7000 


I want to learn more about: 


O the C compiler for MVS software developers 
O the C tompiler for CMS software developers 
O the cross-compiler with PLINK86 and PLIB86 


today...so I'll be ready for tomorrow. 
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I was disappointed that this facility 
wasn’t handled better since I’ve wanted 
to see it in a library package for a long 
time. I’d like to see another level of help: 
after selecting a function from the main 
help screen, you could see a sample func- 
tion call. 

The documentation is some of the 
worst I’ve seen, even when compared to 
public domain and shareware products. 
Each function is covered in a synopsis 
that includes a “user definition” that 
would be more accurately described as a 
function prototype. 

As an example of the documentation, 
the function menunost is summarized 
with: “extern void far pascal menunost- 
(unsigned char, int, int, unsigned char, 
unsigned char, unsigned char, int, int, un- 
signed char *);.” The parameter descrip- 
tions are given later, but it isn’t clear 
which parameter matches which data 
type in the function declaration. Presum- 
ably, they appear in the order they’re 
listed after the synopsis. 

I had to do a lot of multiple-choice 
guessing and close examination of the 
terse examples to sort it all out. Sample 
calls are given for most functions but, 
once again, they’re obscure and incom- 
plete. On the brighter side, examples are 
given in the sample programs that are in- 
cluded on the distribution disk; they may 
help in understanding the more compli- 
cated functions. 

One intriguing feature is windnost,; it’s 
described as a RAM window for diag- 
nostic aid. At any point in a program un- 
der development, you can open a window 
into memory. With this function, you can 
get a hex memory dump starting at a 
point specified by a variable name passed 
as an argument. 

C-Plus was a challenge to evaluate as 
a general function library. The poor doc- 
umentation, obscure function declara- 
tions, and nonstandard file names are 
confusing. Since source code isn’t includ- 
ed, I was left with nagging questions re- 
garding the quality of the function 
implementations. 

I can’t recommend this library as a 
serious development package. Although 
it includes a few powerful functions, C- 
Plus gives the appearance of an after- 
thought that was originally developed for 
use with another language. 

Update: Nostradamus is planning to 
release a new version of C-Plus this fall. 
According to Nostradamus, v. 2.0 will 
use the C calling convention, have librar- 
ies for all memory models, and include a 
critical error handler, an assembler mod- 
ule for creating pop-up programs, and a 
general-purpose facility for uncompress- 
ing and displaying Instant Replay com- 
pressed screens.—R.S. 
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Blaise Computing 

C Tools Plus v. 3.0 

Application programs that use flashy 
windows and memory-resident tech- 
niques have been hot items on the micro 
scene in recent years. Given the choice 
between a functionally adequate program 
and one that offers the same abilities but 
with a little pizzazz, most buyers will opt 
for the latter. 

Blaise Computing’s C Tools Plus 
shines in its support of these two tech- 
niques. Overall, C Tools Plus is an excel- 
lent general-purpose C library. Two of its 
function categories deserve special recog- 
nition: interrupt service routine support 
and windows. 

ISRs comprise a special class of pro- 
grams that are invoked either periodical- 
ly asa background process or by an 
asynchronous event like a special key 
press. Examples of ISRs include Borland 
International’s SIDEKICK.COM and 
the PRINT.COM program found on 
your DOS disk. 

ISRs are notoriously difficult to write 
and debug. Very strict rules must be ad- 
hered to in installing and setting up en- 
try and exit protocols for the ISR code. 
The lack of publicly available informa- 
tion on ISRs contributes to the difficulty 
of writing them. 

The C Tools Plus library offers.a com- 
prehensive set of functions for writing 
ISR code. The manual has an. excellent 
treatment of ISR coding techniques, in- 
cluding discussion of installing service 
routines, two methods for calling DOS 
from within an ISR process, and promo- 
tion of reentrancy to the ISR code. De- 
tails and problems associated with 
recursive calls to installed code are also 
discussed. 

The manual’s “how-to” section on 
making DOS calls from a resident pro- 
cess is particularly enlightening. These 
methods are undocumented by both Mi- 
crosoft and IBM. If, like me, you’ve tried 
to develop such programs, you'll appreci- 
ate the problems associated with these 
unsupported DOS features. The manual 
also discusses interrupt filtering, with 
instructions on ensuring that coresident 
ISRs peacefully coexist—an area often 
overlooked by developers. 

Using C Tools Plus’s functions is rela- 
tively simple. It does help to understand 
rudimentary ISR concepts before start- 
ing in. (The manual lists several good re- 
ferences you can consult.) 

You install resident code with a call to 
isinstal. This call sets up an ISR control 
block and a dispatcher to handle the de- 
tails of invoking the resident code (the 
part you write) while protecting the call- 
ing environment’s integrity. Another 
function, isdetect, attempts to determine 
if the service routine is already installed. 
pcremove is provided to remove resident 
programs. 


savescn.exe is an example program 
that illustrates setting up and installing 
ISR applications that make DOS calls. 
Savescn.exe produces a sign-on message 
with instructions. After installation, 
pressing Alt-2 produces a pop-up window 
that requests a destination file name for 
the current display data. If you enter a 
name, the current screen data (excluding 
the window) is saved to disk. The pro- 
gram can detect if it has already been in- 
stalled and will notify the unwary user. 

savescn.exe illustrates several useful 
techniques for ISR applications, includ- 
ing DOS calls, duplicate-copy detection, 
and setting up hot keys. Its source code 
is well documented and reasonably easy 
to follow. If you’re planning to develop 
ISR applications, you should seriously 
consider purchasing this library. 

C Tools Plus’s windowing functions al- 
low tight and complete control of the 
window environment. The functions sup- 
port stackable windows, and each win- 
dow has independent cursor control, 
colors, and characteristics (such as size, 
removable/nonremovable, and hidden/ 
nonhidden). Output to each window can 
be delayed or immediate. 

The windowing functions’ only defi- 
ciency is the lack of formatted display 
input and output. Currently, the func- 
tions can handle formatted, nonmaskable 
string reads and writes, with or without 
word wrap. I’d like to see maskable I/O 
for fields with support of various data 
types like integers, floating-point num- 
bers, and maskable strings. Blaise does 
sell another software package, View 
Manager, for building and maintaining 
data-entry screens; that package is an 
additional $175. It would be nice to see 
at least some of these features included 
in C Tools Plus. 

One of the library’s nicer features is 
the flexibility offered in the handling of 
low-level display reads and writes and 
the variety of display adapters supported. 
Screen-handling primitives are supplied 
for both direct display memory access 
and the more portable BIOS calls. 

Since the library is intended for use on 
IBM and close-compatible machines, five 
display adapters are supported, including 
the monochrome, CGA, PCjr, EGA, and 
PGA cards. A good discussion of the ca- 
pabilities of each is included in the sec- 
tion on screen functions and a separate 
appendix in the manual. 

The sample program FONT.EXE il- 
lustrates manipulation of EGA hard- 
ware. FONT.EXE can be used to set the 
card in 25- or 43-line modes, and set 
foreground and background colors, 

Graphics functions are limited, al- 
though the basics of pixel manipulation 
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and line drawing are provided. No 
graphics functions for shape drawing or 
other high-level routines are supplied. 

The documentation’s overall quality is 
to be applauded. It is thorough, well or- 
ganized, and includes clear examples of 
each function’s use. The source code is 
well documented and designed. The code 
makes extensive use of function proto- 
types in header files and #define assign- 
ments for constants and utility macros. 
This attention to detail is evident 
throughout the manual. 

C Tools Plus is supplied on five disks. 
These disks include all source code to the 
library (both C and assembler routines), 
header files, demo programs, and utili- 
ties. The library is supplied in formats 
for most of the Lattice and Microsoft 
memory models, including small, medi- 
um, and large. This extensive support al- 
lows maximum flexibility in application 
development. 

Although no batch files are provided 
to install the library, the manual’s expla- 
nation of installation is sufficiently clear 
to guide you through the process. concat 
is a useful utility program that produces 
formatted listings of the library (or 
yours, for that matter) source code. 

If I can fault Blaise’s package for any- 
thing, it would be the lack of sample pro- 
grams for the supplied library functions. 
Only three sample programs are pro- 
vided. One is an ISR program, another 
illustrates the manipulation of display 
adapters, and the third is actually a util- 
ity to delete all files, subdirectories, and 
the directory in a given directory. The 
last program, zap, includes an example 
of ISR code (a DOS critical-error han- 
dler). I'd like to see additional sample 
programs illustrating the windows and 
graphics functions. 

I should also mention the library’s lack 
of support for devices like mice, com- 
munications ports, and printers. This 
may not be a serious limitation since 
standard output can be redirected to 
these devices. On the other hand, if you 
need specialized support, you’ll have to 
get it elsewhere. 

I can recommend C Tools Plus as a 
helpful supplement to the standard ven- 
dor-supplied library functions. If you 
need tools for windowing and ISRs, this 
package deserves serious consideration. 
RS. 


Essential Software 

C Utility Library v. 3.0 

Essential Software’s C Utility Library is 
a general-purpose function library for C 
programmers. The library is a fairly ex- 
tensive'product that’s well organized and 
has better-than-average documentation. 
Like a few of the other packages re- 
viewed, C Utility Library could easily be 


the only supplemental library you'll need 
to purchase. 

The initial installation of the library 
was easy. A READ.ME file on disk and 
the manual’s first chapter both describe 
how to run INSTALL.BAT to build a 
working library. Libraries are built for 
one memory model at a time. A one-let- 
ter argument tells the IVSTALL pro- 
gram which memory model to use. The 
library is installed in the current directo- 
ry on the current disk, a design that re- 
quires one less parameter during 
installation. You can then copy the li- 
brary to other locations if desired. 

The libraries come compressed on the 
distribution disks; the USQ.EXE pro- 
gram is provided to decompress the li- 
brary for the chosen memory model. This 
approach saves disk space and you don’t 
have to learn how to use USQ since 
batch files control the entire installation 
process. 

After installation, I tried to locate the 
library’s source code. A word of advice 
here: if you buy this package, don’t touch 
the disks until you’ve digested sections 1 
through 3 of the manual. After spending 
some time looking for source code, that’s 
where I wound up. From these sections I 
learned that I needed to use the 
ESIARC program to manage the source 
code library. 

C Utility Library uses a unique ap- 
proach to storing source code on its dis- 
tribution disks. Source code is not only 
squeezed, but all functions are concat- 
enated into one file. Each function is sep- 
arated from the next by an ASCII end- 
of-file character (decimal 26, hex 1A). 
Essential Software calls the unsqueezed 
but concatenated file an arc file, a name 
that confused me since I incorrectly asso- 
ciated it with the popular ARC data 
compression program. 

On an 8MHz AT with an extended- 
memory virtual disk, extracting every 
module of C source code took 13 min- 
utes. The space.saved by concatenating 
and squeezing the files can be signifi- 
cant. However, if I were going to use C 
Utility Library daily and wanted to have 
the source code handy, I probably would 
compress the functions using the stan- 
dard ARC program. Essential’s small- 
memory model .LIB file is 189K, and I 
ARC’d the nonconcatenated C source 
code down into a 198K file. 

C Utility’s demo program is extensive, 
almost 50K, and displays the package’s 
three main capabilities: string, screen 
text, and graphics. The program is inter- 
active, letting you enter information like 
screen coordinates while it performs the 
requested function with your parameters. 
Dozens of screens in a wide range of col- 
ors illustrate things like the possible 
choices for date and time formatting. 

If you use the Microsoft C v. 4.0’s de- 
fault stack size of 2,000 bytes, the demo 
soon crashes due to lack of stack space. 


Apparently the stack problem is due to 
some large character arrays that are de- 
fined as local variables in the demo 
program. 

I don’t think the functions themselves 
use excessive stack space. The documen- 
tation does mention that strcvt requires a 
5,000-byte buffer; Essential recommends 
strevt2, which uses an additional param- 
eter of a pointer to a programmer-de- 
fined buffer. I increased the stack to 
4,000 bytes and everything was 
copacetic. 

Essential’s package is well-rounded. It 
includes support for ANSI.SYS, basic 
communications, disk and file operations, 
graphics, and keyboard input (including 
logical data types like get a date). Some 
of its other capabilities are mouse con- 
trol, printer setup, string manipulation, 
dates and times, sorting, rectangular re- 
gion manipulation, and horizontal and 
vertical menus. Also, six of the sort func- 
tions are nothing more than variable dec- 
larations needed in preparation for 
calling qsort(), which is also supplied. 

The functions are primarily written in 
C, with a few in assembler. The package 
has about 350 functions, but this is 
slightly misleading since there are indi- 
vidual functions for many minor opera- 
tions. For instance, 17 separate functions 
toggle or return the status of the control, 
lock, and shift keys (including different 
functions for both right and left shift), 
19 functions do sorting and comparing, 
and 18 functions support ANSI.SYS. 

I applaud the ANSLSYS support. 
High-level languages should be able to 
control the screen and keyboard without 
making programs difficult to port. If 
you’re an experienced programmer, you 
may well have already built up 
ANSLSYS escape sequences using 
printf. But for beginning programmers, 
the supplied functions are very valuable. 

C Utility Library doesn’t include func- 
tion prototypes in its header files. Since 
function prototypes are relatively new to 
C, I’m not that surprised. However, pro- 
totypes are a good way to ensure an ar- 
gument list will fit a function’s 
parameters. | 

The package’s documentation could 
use some improvement. The functions 
have alphabetic and functional indexes 
but I’d like to see them be more detailed. 
Admittedly, I’m rarely satisfied with the 
number of pages in most indexes; this 
manual’s eight pages (more than many 
other products) is no exception. 

C Utility Library is a solid product 
that’s powerful and accessible. I recom- 
mend it to anyone who needs a general- 
purpose library.—G.D. 


| EVEN MORE POWER — 
AND FLEXIBILITY 


BRIEF 2.0 


Users and industry press alike have 
unanimously proclaimed BRIEF as 
the best program editor available 
today. Now, the best gets better, 
with the release of BRIEF 2.0. 

Straight from the box, BRIEF offers 
an exceptional range of features. 
Many users find that BRIEF is the 
only editor they'll ever need, with 
features like real, multi-level Undo, 
flexible windowing and unlimited 
file size. But BRIEF has tremendous 
hidden power in its exclusive macro 
language. With it, you can turn BRIEF 


sratuton. 


541 Main St., Suite 410L 
South Weymouth, MA 02190 
(617) 337-6963 


Requires an IBM PC or compatible with 
at least 192K RAM. 


BRIEF is a trademark of UnderWare, Inc. 
Solution Systems is a trademark of Solution Systems. 


into your own custom editor con- 
taining the commands and features 
you desire. It’s fast and easy. 

Jerry Pournelle, columnist for BYTE 
magazine summed it all up by saying 
BRIEF is, ‘‘Recommended. If you 
need a general purpose PC program- 
ming editor, look no further’ His 
point of view has been affirmed by 
rave reviews in C JOURNAL, 
COMPUTER LANGUAGE, DR. 
DOBB'S JOURNAL, DATA BASED 
ADVISOR, INFOWORLD AND 
PC MAGAZINE. 
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One user stated ‘‘BRIEF is one of 
the few pieces of software that I 
would dare call a masterpiece.’ 
Order BRIEF now and find out why. 
BRIEF 2.0 is just $195. If you already 
own BRIEE call for upgrade 
information. 

TO ORDER CALL: 1-800-821-2492 
(in MA call 617-337-6963) 
As always, BRIEF comes with a 


30 day money-back satisfaction 
guarantee. 


ancements! 


character, 
y dd and delete 


cursor, 4 
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ider displays. 


Custom Design Systems 

C-Worthy v. 1.20 

Custom Design Systems’ C-Worthy is a 
productivity library that handles most of 
the dreary but necessary tasks that are 
part of producing a polished application 
program. Its extensive library includes 
functions to handle windows, virtual 
screens, linked-list management, and 
menus. 

The usual DOS file and directory 
management facilities are provided, 
along with message, help, error-report- 
ing, and color palette systems. As if this 
weren’t enough, C-Worthy has formatted 
I/O functions available for a small addi- 
tional cost: the Forms Bandaid library 
can handle just about any conceivable 
data type. My review package included 
both libraries. Custom Design Systems 
states that Forms Bandaid will be includ- 
ed in C-Worthy v. 2.0. 

The C-Worthy documentation is exten- 
sive (approximately 480 pages) and in- 
cludes a tutorial and comprehensive 
index. Forms Bandaid’s documentation is 
approximately 70 pages long and comes 
on disk. 

The entire C-Worthy library v. 1.20 
comes on 11 disks (that’s right, 11). 
They include source code, header files, 
sample programs, a slick electronic news- 
letter, and, of course, the libraries 
themselves. 

The first demo I ran was a full-screen 
editing program with context-sensitive 
help screens and error traps, all handled 
through the library’s windowing and vir- 
tual screen facilities. I was somewhat 
confused by the program’s strange termi- 
nology; for example, it uses “SELECT 
KEY” for “ENTER KEY” and “MARK 
KEY” for “FUNCTION KEY 5.” Won- 
dering why a sane programmer would do 
such a thing, I consulted the manual. 

Here’s what I learned. Part of the C- 
Worthy design philosophy was machine 
independence through the use of overlays 
for all keyboard and display mapping. 
The machine-dependent overlays are 
loaded with the initmachine function in 
the main library. Obviously this design 
has considerable advantages. 

C-Worthy currently has overlays for 
the IBM PC and close compatibles, TI 
Professional, and Victor 9000. Overlay 
specifications that allow you to write 
your own overlays are also available. 
These specifications aren’t included with 
the basic package but can be obtained on 
request. Source code is supplied for some 
of the overlays, which should be helpful 
if you want to write your own overlay. 

The second demo program displays the 
Forms Bandaid functions, primarily 
showing off the various field types that 
can be edited in full-screen mode. The 
common data types are represented, as 
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well as Boolean, list, text, and menu 
types. As with the edit demo, help and 
error facilities are fully implemented. 

The list field entry is particularly in- 
teresting. Each list element can be edited 
separately and scrolled across the win- 
dow in virtual-screen fashion. I was im- 
pressed. The only problem that occurred 
was when I tried to save my changes. Ey- 
erything seemed to go OK, but when I 
loaded the same file later, I noticed that 
the changes had all been saved except for 
those made to the list field. I can’t say 
why this happened. 

The main library functions make ex- 
tensive use of stack structures to manipu- 
late the library’s various abstract data 
types (such as portals, lists, help con- 
texts, and color palettes). For example, 
up to.100 independent color palettes can 
be defined using the palette editor and 
pushed and popped on the the color pal- 
ette stack as needed. This design frees 
you from worrying about the color con- 
text at a particular point in the applica- 
tion code. 

As another example, a list stack can 
be created, which obviously would be of 
use in a hierarchial data base scheme. C- 
Worthy’s stack manipulation features are 
an advanced and powerful idea that I 
haven’t seen in other library packages. 

Text and error messages, help contexts, 
and color palettes are all created and 
maintained using included utilities. Ap- 
plication program messages are manipu- 
lated with a msglib.exe utility that 
features a full-screen editor. 

To create a library of messages, you 
simply assign label names to each mes- 
sage, then type in the message text. 
When you save the message library, 
msglib.exe will create two files ending in 
-mlh and .mlc. These files are actually C 
header and source files. The other three 
library managers, errlib.exe, helplib.exe, 
and colorpal.exe, work similarly. I found 
all four library managers extremely easy 
to use. ots 

C-Worthy’s doubly linked list-manipu- 
lation facilities are comprehensive. Lists 
can not only have individual elements 
but also an associated value that can be a 
pointer to another list structure. 

Multiple lists are supported. Entire 
lists can be pushed on and popped from 
the list stack, allowing flexible and com- 
plex data structures to be constructed. 
Individual list elements can be marked, 
and even the marks can be pushed and 
popped to a mark stack. You can let your 
imagination run wild on this one. 

C-Worthy supports the Microsoft, Lat- 
tice, and Aztec C compilers. Although 
they’re not listed in the tables, I discov- 
ered ifdefs in the header file for Lattice 
C v. 2.15 and v. 3.00 and Aztec. The 
manual didn’t mention the compilers 
supported, but I assume Custom Design 
Systems has versions of C-Worthy for 


those compilers. I’d advise calling them 
if you’re using the Aztec or Lattice 
compilers. 

Source code is included for all library 
functions and example applications. A 
tour of the library source code revealed 
excellent internal documentation in the 
C function source and header files and 
so-so comments in the assembly primitive 
files. However, you shouldn’t need to 
modify any of the assembly files (and 
would be wise not to try). 

The header files make extensive use of 
function prototypes, a feature I’d recom- 
mend exploiting since some of the func- 
tions have fairly complex argument lists. 
C-Worthy also has switches for toggling 
strong argument checking, an often-over- 
looked option. 

My one gripe with C-Worthy (which 
some readers might think petty) is the 
extensive use of upper- and lowercase let- 
ters in function definitions. Although 
considered the norm in Pascal, this prac- 
tice is frowned upon in C. ShowPortal- 
LineAttribute and DisplayTextInPortal 
not only look bizarre but introduce the 
possibility of coding errors, particularly 
for poor typists like myself. Perhaps Cus- 
tom Design Systems could supply a #de- 
fine macro header file with alternate, 
shorter function names. 

To handle application-specific sections 
of a program, Custom Design Systems 
uses what it calls “action procedures.” In 
many of the library routines, this concept 
is implemented by passing a pointer to 
an action function as an argument to a 
called function. The library function 
then calls the action code as needed. 

After some thought, I decided that 
this method is in keeping with the gener- 
al principles of top-down program design. 
You don’t need to worry about applica- 
tion-specific portions of a program until 
the main shell of the code is completed. 
In keeping with this design methodology, 
functions can be passed the constant NO- 
PROC (defined in the provided header 
files) to simulate a dummy procedure 
call. 

Although C-Worthy’s documentation 
is extensive, it could stand some improve- 
ment. In particular, there should be some 
sample function invocations and more in- 
formation on the user interface func- 
tions. I received copies of the 
documentation for the upcoming version 
2.0 and it did cover those two items. 
(The v. 2.0 documentation reminds me of 
the documentation for Microsoft C v. 
4.0, my personal favorite.) 

C-Worthy’s present manual includes a 
tutorial, a welcome and unusual addition 
to any complex piece of software. It 
takes about an hour and a half to com- 
plete and covers the major aspects of the 
user library. 


C ane Paseal one 


wer Motorola MC680x0 National 
ans (w/wo 68881) Semiconductor 2 


Apollo, Sun, etc. NS320xx 


System 


287, 387 Vx 
FlexOS IBM PC AT ULTRIX 
Compag ... 


BSD 4.x Resident, 
Embedded, 
and Cross 


We cut our teeth on UNIX, but have become famous on MS-DOS, which we enhanced with our UNIX-like DOS 
Helper ™ utilities: find (including tar), fgrep, cat, ls, mv, tail, uniq, and wc; and our superior optimizing compilers: 
Professional Pascal ™ and High C ™ on the PC are now well-respected by organizations such as Ansa, 
Ashton-Tate, AutoDesk, Boeing (BCS), Daisy Systems Corp., Deloitte Haskins & Sells, Digital Research, GE, IBM, 
Lifetree, Migent, Multimate, NYU, Silvar-Lisco, Sky Computers, Symantec, Xerox/Ventura, ...and Computer Lan- 
guage magazine; Dr. Dobbs’ Journal; PC Tech Journal; PC Magazine; the Journal of Pascal, Ada, and Modula-2... 


We supply the first, and still only, compilers generating 32-bit protected-mode code for the 80386 under 
MS-DOS. And our newly upgraded MS-DOS real-mode compilers were used by Symantec for their Q&A™ product 
to exploit the power of the 80386 real-mode instruction set. (Just released: HC v1.4 and PP v2.7, May 1987.) cae 


Our C Validation Suite will blow your C compiler out of the sea, while our C compiler tracks the emerging ANSI 
Standard and generates tighter code with far better lint-like feedback help than competing compilers. 


And you'll love Professional Pascal's Ada-like packages, true data abstraction, C-like bit manipulation, and much 
more, along with the tight code that is linkable with High C, or other C, object modules (and vice versa). 

Our Translator Writing System (TWS) goes far beyond LEX and YACC, with fully automatic error recovery... 
All uniformly implemented on UNIX, VMS, CMS, MS-DOS, FlexOS... 

Professional software developers in need of industrial-strength tools should contact: 
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Santa Cruz, CA 95060-4429 
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The tutorial includes five lessons that 
reconstruct the edit.c full-screen editing 
example program. The edit.exe source 
code is amazingly short, especially con- 
sidering that the application is a full- 
screen editor with context-sensitive help 
screens, excellent error trapping, and 
menu interfaces. The code’s compactness 
is due to the availability of single func- 
tions that can generate a menu, help 
screen, window, and, last but not least, 
full-screen editor. 

As mentioned, the vendor promises 
that C-Worthy v. 2.0 (to be renamed “C- 
Worthy Interface Library”) will include 
the Forms Bandaid library. If you just 
can’t wait, the upgrade policy from v. 
1.20 to 2.0 is very reasonable: $10 for the 
software, $30 if you want the manual as 
well. 

In choosing a library, the quality of 
the supplied functions should be more 
important than the quantity. Many C li- 
braries have swarms of trivial functions 
that are primarily MS-DOS and BIOS 
function calls, simple string functions, 
and assorted minor pieces of code. 

C-Worthy is different. It has fewer but 
more powerful functions, and there’s lit- 
tle overlap with the standard compiler 
set. Although the package is somewhat 
expensive, you'll find little that’s already 
in your standard compiler library. C- 
Worthy is a comprehensive C library 
whose time has come. I heartily recom- 
mend it as your next purchase.—R.S. 


Greenleaf Software 

The Greenleaf Functions v. 3.10 
Greenleaf Software’s The Greenleaf 
Functions enjoys widespread name recog- 
nition. I found it to be a good supple- 
mental library with excellent 
documentation. Like a few of theother 
packages reviewed, it could easily be your 
only library purchase. 

The initial installation of the package 
was clean and colorful. Rather than us- 
ing a batch file (which requires invoca- 
tion with parameters), the package has 
an installation program that walks you 
through the process. A fair amount of in- 
formation is communicated on the 
screens—have a pencil ready the first 
time through. 

The installation program summarizes 
the choices that have already been made 
at the top of the screen, displays text in 
the middle and at the bottom prompts 
you for information. Vertical menus that 
allow selection of the appropriate compil- 
er and memory-model combinations ap- 
pear during installation. In addition, you 
can choose whether you want to include 
the standard asynchronous communica- 
tions functions in your library. (They’re 
left out by default since they would con- 
flict with the Greenleaf communications 
library.) 
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I should note that if you want to in- 
stall the asynchronous functions, you'll 
need to have the MSC program available 
for invocation by the install program (as- 
suming you're installing for Microsoft’s 
C compiler). When I used the CL pro- 
gram instead, the install program didn’t 
detect the absence of MSC. Consequent- 
ly, the asynchronous functions never got 
compiled and added to the library. 

Another minor glitch: although The 
Greenleaf Functions shows you your en- 
vironment’s PATH string so you can ver- 
ify what’s available to the install 
program, only 78 characters or so of the 
path are displayed. I knew there were 
more there, but others might not. 

The last few screens of the installation 
program are advertisements for the 
Greenleaf Comm and Data Windows li- 
braries. I could have done without the 
ads since Greenleaf includes printed fly- 
ers in the library package. 

In general, the installation process is 
solid and obviates a lot of decision mak- 
ing about needed parameters and such. 
Even with the asynchronous functions, 
the .LIB file for Microsoft C v. 4.0 is less 
than 60K—small enough to fit easily on 
a floppy. 

After installation, I went to the demos 
to see what the package could do. One of 
the package’s disks has a subdirectory of 
demo programs. There are demo pro- 
grams for changing a file’s attributes, 
printing labels, printing files, displaying 
a clock, testing communication links, and 
so on. I successfully compiled many of 
the demo programs, but I found out that 
you need the Comm Library to compile 
the asynchronous communications demo. 

The main demo is colorful and shows 
off The Greenleaf Functions’ graphics 
capabilities. It doesn’t demonstrate string 
functions nor does it allow you to inter- 
actively build a function invocation with 
entered parameters. 

The main demo has a horizontal menu 
that wraps past the end of the screen— 
something the library doesn’t support. 
The demo builds the menu with straight 
C code; if you want the functions to han- 
dle the menus and logical data types, 
you'll have to buy Greenleaf’s Data Win- 
dows package. 

After looking at the demos, I started 
coding on a small program to set printer 
tabs and stumbled across a potential 
problem. The printer function defines a 
global variable tabs that appears in the 
object module as an external name. I 
happened to give one of my global varia- 
bles the name tabs and the linker, of 
course, objected. 

Since the documentation didn’t men- 
tion that tabs would be a global name for 
certain functions, I thought I could use 
it. I'd like to see all external libraries’ 
global variables begin with an under- 
score. This practice would conform to the 
forthcoming ANSI C standard, which 


states that all external identifiers and 
macro names beginning with an under- 
score are reserved. 

A large number of the Greenleaf li- 
brary functions are in assembler lan- 
guage, with the rest written in C; C 
source code is provided for the assembly 
language functions. The documentation 
is easy to read and the functions are or- 
ganized alphabetically. 

The manual has a good index that 
gives extended descriptions of the li- 
brary’s functions. The descriptions in- 
clude small code fragments that show 
how to use the function, as well as a sec- 
tion with tips and warnings. When ap- 
propriate, references to other functions 
are given. 

Greenleaf publishes a newsletter that 
covers such things as tips, product infor- 
mation, and update notices. Your sub- 
scription begins when you register your 
purchase. 

Toward the end of the review period, I 
received a copy of The Greenleaf. Func- 
tions Library v. 3.10. I had been working 
with v. 3.03; Greenleaf Software de- 
scribed v. 3.03 as a major update. Since 
ongoing support of a product is impor- 
tant (and since I was curious), I took a 
brief look at the new version. 

The Greenleaf Functions v. 3.10 has 
100 more pages of documentation and 35 
new functions. The company has elimi- 
nated the header file since its name con- 
flicted with the forthcoming ANSI C 


language standard and many current ver- py 


sions of other compilers. 

Functions that were aliases of other 
functions have been renamed. A new 
header file containing each function’s ar- 
gument list prototype has been added. 
Some duplicate functions have been 
eliminated, and all known bugs in the 
functions and documentation fixed. 

The Greenleaf Functions would be a 
good addition to many programmers’ 
tool chests. I recommend it both to C be- 
ginners and veteran C programmers who 
haven’t developed their own libraries. If 
you do have your own library, you still 
might find advantages in using a well- 
maintained third-party library. The 
Greenleaf Functions should be consid- 
ered as a possible first purchase.—G.D. 


OES Systems 
The HAMMER Library 
OES Systems’ The HAMMER Library 
is one of the more flexible libraries re- 
viewed. The package I received had li- 
braries for a wide range of compilers, 
including Microsoft, Lattice, Computer 
Innovations, Mark Williams, and DeS- 
met. OES Systems is also working on 
support for Borland International’s 
Turbo C. 

To install the library, you simply copy 
the files required for a particular compil- 
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(8 | verything you need to write dramatic 
graphics effects into your Eco-C88 C 
programs. Some of the features include: 
Support tor EGA, CGA, and Z100 

Over 100 graphics and support functions, many 
of which are PLOT-10 compatible. 

Many low level support routines reside outside 
your small model code-data area 

Can write dots thru the BIOS (for compatibility) 
or to memory (for speed) 

Graphics function help from CED editor 
available 

World, pixel or turtle color graphics modes 
47 standard fill patterns, 17 line dashing 
patterns, Hershey fonts, plus user defineable 
fill, dash and fonts 

Supports view areas, rotateable fonts, clipping. 
arbitrary fill areas, extensive error checking, 
examples, and user's manual. 

A must for the graphics enthusiast and a 
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*Requires Eco-C88 C Compiler. 


This windowing ia at allows you to add pop up 
windows in your C programs quickly and easily. 
Use them for help windows, selection menus, error 
messages, special effects — anywhere you need an 
attention getter. Just some of the features include: 
@ CGA, EGA, and monochrome support 
e Slow mode option for “flicker” displays 


e Control any program that goes through the { 
BIOS 


e Use up to 255 windows 
No special window commands: use print f () 
Resize and move windows 
Custom window titles and borders 
Can be used with ANSI device driver 
Most of window's code-data lies outside small 
model limits 
e Use any of the IBM text or block characters 
e User's manual and examples 

The Windowing Library requires an IBM PC 
compatible BIOS and the Eco-C88 C compiler. 


ONLY $29.95 


Now you can combine your modules, functions, 
and subroutines into your own library for easy link 
commands. Fully compatible with ANY standard 
OBJ format files (not just Ecosoft’s products). 
With the Ecosoft librarian, you can: 

e Add, delete, and extract from a library 

e Get table of contents or index of a library 

e Combine libraries, control library page size, use 
switches for combinations, process complex 
library requests, use wildcards, and do library 
directives from command files. 

e Complete with user's manual 
A valuable addition for any programmer. 


| ONLY $29.95 


Orders only: 


1-800-952-0472 


Technical Information: 


(317) 255-6476 
= aw 


A C compiler with many ANSI enhancements 
at an unbelievably low price. The Eco-C88 C 
compiler has: 

e Prototyping (the new type-checking 

enhancement) 

Enum and void data types 

Structure passing and assignment 

All operators and data types 

A standard library with more than 200 func- 

tions (many of which are System V compatible 

for greater code portability) 

e CC and mini-make that all but automates the 

compile process 

8087 support (we sense the 8087 at runtime 

— no dual libraries) 

ASM or OBJ output for use with MSDOS linker 

e Tiered error messages — enable-disable lint- 
like error checking 

e Fast compiles and executing code 

e Expanded user’s manual ee 

e CED full-screen program editor 

Everything you need at the unbelievable 
price of $59.95. 

Eco-C88 C compiler requires an IBM PC, XT, or 
AT (or compatible) with 256K of memory, 2 disk 
drives and MSDOS 2.1 or later. 


Ecosoft Inc. 
6413 N. College Ave. 
Indianapolis, IN 46220 


ORDER FORM cuIP & MAIL TO: Ecosoft Inc., 6413 N. College Ave., Indianapolis, IN 46220 


ECO-C38 
COMPILER 


Ecosoft 
Support Products 


ITEM PRICE QTY TOTAL 
Flexi-Graph Graphics $39.95 
Window Library $29.95 
Eco-Lib Librarian $29.95 
Eco-C88 C Compiler CED $59.95 
SHIPPING 


TOTAL (IND. RES. ADD 5% TAX) 


PAYMENT: O VISA MC AE O) CHECK 
CARD # EXPIR DATE 
NAME : 
ADDRESS 
CITY STATE 
Al pete a PHONE 


ECOSOFT. 
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er. Some of them must be renamed. 

The demo program HAMDEMO. 
EXE shows the construction of a handy 
data-processing application using the 
HAMMER functions. The program does 
a good job of illustrating screen manage- 
ment, menuing, and data-entry 
capabilities. : 

The HAMCC.EXE utility is intended 
to automate using the library by manag- 
ing the compilation of C code. Object 
code can be left as a separate disk file or 
merged into a library. In theory, the util- 
ity knows the proper invocation sequence 
for each compiler supported, including 
appropriate options. 

A second utility, HARC.EXE, is a 
source code archiver that allows creating 
and managing compressed code libraries. 
HARC.EXE is billed as being compati- 
ble with the ARCH.EXE utility provided 
with Computer Innovations’ C86 
compiler. 

The HAMMER Library has standard 
functions for file 1/O and BIOS and 
DOS function access. Source code for all 
the functions is provided in archived 
form. The library includes a useful set of 
string and substring routines and various 
DOS information routines for things like 
getting the equipment list and setting in- 
terrupt vectors. 

The package provides extensive sup- 
port for data entry, menus, and screen 
management. A substantial set of func- 
tions define and manage areas of the 
screen for data entry. Regions of differ- 
ent sizes and shapes can be cleared or 
used for input fields. Data can even be 
edited before it is fed to a waiting appli- 
cation for processing. 

An equally extensive set of functions 
support screen output with cursor move- 
ment and attribute management, as well 
as scrolling the screen and drawing boxes 
or tables. A hefty set of functions do 
time and date manipulation, with dates 
specifiable in Gregorian, Julian, Lotus 
day number, and serial day formats. 

When I tried to build a modified ver- 
sion of a program I use often, I had some 
difficulty with the box-drawing and cur- 
sor manipulation routines. The box- 
drawing routines are supposed to support 
five box outline styles. I chose single ver- 
tical lines and double horizontal lines. 
The resulting box had the vertical lines, 
but the corners were pointing the wrong 
ways and the horizontal lines were com- 
pletely missing. 

The manual is nicely organized. The 
table of contents is immediately followed 
by a complete list of functions with a 
one-line, description of each. The installa- 
tion procedure and utilities are well de- 
scribed; the utilities have both brief and 
and detailed descriptions. 

An overview groups the functions and 
explains how to use them. The reference 
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section lists the functions in alphabetical 
order, with names followed by call/use/ 
return values, a description of what the 
routines do, and examples. 

The appendixes give a brief reprise of 
the functions by group with their one- 
line descriptions. Also included is a list- 
ing of the three header files (only one is 
needed to use the functions; the other 
two are for rebuilding the libraries). 

The appendixes include descriptions of 
the global variables and rebuilding li- 
braries from their archived source code. 
Also found there are lists of DOS ex- 
tended error codes and interrupt service 
names through DOS v. 3.0, information 
on DOS display attributes and bit set- 
tings, and compiler invocations for the 
supported compilers with command op- 
tion descriptions. 

In spite of the minor difficulties I en- 
countered, I was impressed with the OES 
Systems package and its functions. I 
would like to see true window support 
(rather than just being able to scroll re- 
gions), but the functions sufficiently ex- 
tend the normal run-time library to 
justify a purchase. I recommend this 
product to both novice and experienced 
C programmers; there are ample func- 
tions for both levels of users —H.M. 


Lattice 

C-Food Smorgasbord 

Lattice C-Food Smorgasbord was one of 
the two smallest packages reviewed (both 
physically and in terms of functions pro- 
vided) and the least ambitious. C-Food is 
for use with the Lattice C compiler, 
which comes with a large assortment of 
run-time functions. Thus, the low num- 
ber of C-Food functions shouldn’t be 
considered a flaw. 

When I opened up the documentation, 
my first impression was, “It’s cute.” The 
entire manual uses puns on the C-Food 
Smorgasbord name. The introduction 
presents the library as a set of tables 
from which you pick functions. Each ta- 
ble begins with comments like “One byte 
at a time” or “Bouillabaisse” (for the 
miscellaneous functions section). Person- 
ally, I found this cuteness annoying. 

The manual is divided into five chap- 
ters: decimal arithmetic, DOS I/O func- 
tios, BIOS interface functions, terminal 
independence package, and miscella- 
neous. Functions are presented in small 
groups of related functions (two to five 
per group). Each group names its func- 
tions and gives a quick description of the 
service provided by each, followed by a 
synopsis of how each function is used 
and a detailed description of what the 
function does. 

The decimal arithmetic group supports 
manipulation of fixed-decimal numbers. 
Fixed-decimal numbers are nonexponen- 
tial floating-point numbers in a format 
that resembles the packed decimal for- 
mat of some CPUs. A number is encoded 


as a binary-coded decimal in a byte ar- 
ray with the precision and sign informa- 
tion in the first 2 bytes. 

The functions support all the standard 
arithmetic, comparison, and mathemat- 
ical operations, as well as some trigono- 
metric operations. There are also 
functions for converting from fixed deci- 
mal to binary and ASCII string formats. 

The DOS I/O function group provides 
direct access to the MS-DOS interface 
for a small percentage of the available 
file or I/O operations. Sets of functions 
provide for keyboard input, screen and 
printer output, and I/O through the aux- 
iliary communication ports. 

Similarly, the BIOS interface group al- 
lows access to a limited subset of BIOS- 
level routines that are at the heart of 
MS-DOS. The functions are useful but 
assume knowledge of the BIOS interrupt 
services. 

The terminal independence package is 
an attempt at a coherent group of func- 
tions for developing machine-independent 
user interfaces (loosely ANSI VT100). 
They support I/O and cursor manipula- 
tion, along with the basic highlighting, 
underlining, reverse video, and blinking. 

Finally, the miscellaneous group has a 
few functions each for directory manipu- 
lation, the clock, and string processing, 
as well as a stand-alone utility for listing 
or printing text files. 

C-Food comes on one disk. A batch 
file handles installation by automatically 
loading the library for each of the four __ 
supported memory models into an appro- 
priate subdirectory. The two included 
header files (DEC.H and TIP.H) are for 
use with the decimal arithmetic and ter- 
minal independence packages. Those files 
are not automatically installed, nor are 
the four batch files that show how to in- 
clude the libraries into your applications. 

C-Food doesn’t have any demonstra- 
tion programs. You'll have to rely on the 
manual alone to figure out how the func- 
tions work. The manual is small and spi- 
ral-bound, similar to the Lattice 
compiler documentation. The table of 
contents gives the names of the five sec- 
tions and tells where each begins. There 
is no easy way to learn what functions 
are provided or find their descriptions. 

I had a hard time evaluating this prod- 
uct. Compared to some of the others, it is 
small and unimposing. The functions do 
enhance those that come with the Lattice 
compiler, but given the compiler’s wealth 
of functions, an add-on function library 
should provide capabilities that can’t be 
easily built on your own. I’d rather see a 
library of functions that support window- 
ing, menus, graphics, or data base 
management. 

I might recommend this product to a 
beginning C programmer, but not to an 
experienced one. There isn’t much here 
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SOFIWARE 
DEVELOPMENT °BB 


Never before have so many leaders in the software 
development field gathered for one event. SOFTWARE — 
DEVELOPMENT ’88 is an exciting conference and trade 
show on the latest innovations and developments in 
programming. The conference is designed to teach you 
practical, advanced techniques you can use in your work 
each day. 


SOFTWARE DEVELOPMENT ’88 is brought to yee by the 
ublishers of COMPUTER LANGUAGE, Al EXPERT, and 
NIX REVIEW. 


This event is created specifically for you— 
the software designer, programmer, and engineer 


Hundreds of technical innovations, language 
developments, and market changes drastically affect 
your programming environment each day. The languages, 
techniques, and products you use are the tools that 
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Join the foremost software 


development experts in San Francisco! 
The most comprehensive seminar ever held 
on practical aspects of software development 


$575. Sign up by September 15th and save $150! The 
discounted Early Bird rate is $425. 


SOFTWARE DEVELOPMENT ’88 Faculty is a 
virtual Who’s Who of the programming community 


Nearly 100 speakers will address a broad range of 
software development topics. Our well-known and 
respected faculty includes: Jon Bentley, Dick Gabriel, 

P.J. Plauger, Esther Dyson, Larry Constantine, Gary 
Kildall, Philippe Kahn, John Warnock, Charles Duff, and 
Kouichi Kishida. The speakers represent a wide spectrum 
of expertise in every significant area of programming. 


You can choose from a massive array of course offerings 


mComputer Languages 
mDesign Methodologies 
wArtificial Intelligence 


mlools and Utilities 
mData Base Design 
mC Language Issues 


shape your work. You need to keep them sharp. In three 
short days in sunny California, you can keep abreast of a 
formidable array of developments. 


Speakers will address major issues and changes in 
software development, like artificial intelligence, data 
base design, better debugging, and design methodologies. 
Best of all, you’ll also experience a practical, in-dept 
approach in longer workshop sessions on specific 
techniques, languages, and utilities. 


The cost for this comprehensive three-day event is only __ 


mGraphics mThe Business of Programming 


Your registration entitles you to attend six one-hour 
lectures choosing from 30 courses conducted by industry 
leaders. In addition, you can select six longer, in-depth 
workshops from a list of nearly 60 different topics. The 
workshops will focus on practical techniques and the 
latest developments you can apply to your work right 
away. You won’t be just an observer. Lively debates will 
take place in panel discussions and problem-solving 
workshops. 


Registration Form | 
SOFTWARE DEVELOPMENT ’88 February 17-19, 1988 
San Francisco, Calif. 


CO Please register me for SOFTWARE DEVELOPMENT ’88. 

Bill my company at the Early Bird rate of $425 (by 9/15/87) 
0 Please send me more information on attending the seminar. 
OC Please send me information on exhibiting at the trade show. 


Name: 
Company Mail to: 
ice Seminar Department 

Miller Freeman Publications 
City, State, Zip 500 Howard Street 
Phone( +) San Francisco, CA 94105 
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SEIDL 
VERSION 
MANAGER 


RECONSTRUCT any 
VERSION of a SOFTWARE 
product AUTOMATICALLY. 


* Archive Database 


tracks all source code revisions 
as well as annotative comments. 


* Audit Trail Report 


provides user specified in- 
formation on any aspect of a 
project’s development. 


* Revision Branching 
allows any number of revisions 
to be created from an existing 
revision. 


* Text Compression 
optionally reduces disk storage 
requirements. 


%* Menu Driven Shell 


makes SVM easy to use. 
% Price: $299.95 + $5.00 p&h. 


SEIDL 
MAKE 
UTILITY 


NOT just ANOTHER COPY 
of the UNIX MAKE. 


* Structured Language to 
describe dependencies in a clear, 
concise and portable manner. 


* Rich Command Set 


includes parameterized macros, 
variables, if-then-else, iteration, 
wild cards, macro libraries, 
interactive statements, environ- 
ment access and much more! 

* Intelligent Analysis 
algorithm handles nested include 
files, library dependencies, and 
performs consistency tests to 
detect errors that other makes 
would blindly ignore. 


% Price: $99.95 + $3.50 p&h. 


CALL TODAY 


. 1-313-662-8086 


Visa/MC/COD Accepted 
Dealer Inquiries Invited 


SEIDL COMPUTER ENGINEERING 
3106 Hilltop Dr., Ann Arbor, MI 48103 
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that an experienced programmer couldn’t 
build with a little effort ——H.M. 


Phoenix Computer Products 

PforCe 

Phoenix Computer Products’ PforCe is 
one of the better packages reviewed. The 
package has two disjoint libraries. The 
first is the main library with the general 
functions (string handling, I/O, math- 
ematics, memory management, and DOS 
functions like directory handling and 
clock access) and bonus functions for 
window and menu management. The sec- 
ond library is useful for building data 
base managers and manipulating B-trees. 

Besides the linkable libraries, the 
package has some library source code 
and several stand-alone utilities. The 
utilities include an archiver, a general- 
ized help-facility manager, a grep with 
replacement capabilities, an enhanced 
program launcher that can locate files on 
disk, and an enhanced delete command 
similar to the Norton utility of the same 
name. PforCe supports no less than five 
different styles of menus: two kinds of 
pop-up, pick list, alphabetic option, and 
numeric option. 

Installation is automated. Actually, the 
first challenge is finding the INSTALL 
program. The documentation states that 
the INSTALL.EXE utility is located on 
disk 1. I found a READ.ME file there 
that directed me to disk 2. I finally 
found the program on disk 3. 

INSTALL splits the screen: one side is 
a menu for choosing what you want to 
install, and the other is a data-entry 
form for specifying where the files to be 
installed will come from and where 
they’ll go. If you want, you can use the 
utility to install all the executables, .C 
and .H files, libraries, and demonstration 
programs (seven in all). 

After you’ve made your choices, IN- 
STALL prompts you for each of the five 
disks in turn and copies the specified 
files. The name of-each file is listed as it 
is copied. After it finishes copying, IN- 
STALL inquires whether the AUTOEX- 
EC.BAT file should be updated to 
include the new files’ directories. 

The five distribution disks are split up 
roughly along the lines of one disk each 
for the libraries, utilities, and demo pro- 
grams (both source and executables) and 
two disks for the archive files that hold 
the compressed source for all the func- 
tions. The source code is mostly in C, 
though there are a few assembly 
modules. 

Phoenix can provide the PforCe librar- 
ies in versions for four vendors’ compil- 
ers. The libraries’ file names are of the 
form PFxxxm, where “xxx” is a mne- 
monic for the compiler (for example, 
MS3 for Microsoft v. 3.0) and “m” indi- 
cates the memory model. I worked with 
the Microsoft small memory model 
version. 


To test the package, I modified a sim- 
ple program of mine by creating a win- 
dow for its output using PforCe. After 
reading the manuals, I decided I needed 
six functions to make a go of it. After 
editing and recompilation, I eagerly ran 
the code. I got a window but nothing in 
it. 

Back to the manuals: nothing was in 
the “Windows” sections on routing out- 
put to a window. I found something on 
video display functions and decided to 
give it a try. I replaced the printf calls 
with calls to a similar function in the 
video display set. This time it worked. 

The PforCe documentation and Mi- 
crosoft C were slightly at odds. The li- 
braries’ documentation implied that 
function names are case sensitive. How- 
ever, the Microsoft C overlay linker is 
only certain to resolve references if the 
/NOI option is not specified, which 
means that the linker assumes names are 
not case sensitive. Rather than using CL 
to compile and link in one step, I had to 
use MSC and LINK to build a program. 

The documentation comes in two nice- 
ly designed loose-leaf binders. The first 
binder is the user’s guide-and the second 
is the reference manual. The user’s guide 
starts off with an introduction of the 
product, then has a discussion PforCe’s 
organization and descriptions of the IN- 
STALL program and the seven demon- 
stration programs. The last two chapters 
cover windowing and menuing and the 
data base functions provided. 


The reference manual defines and de- 


scribes each of the functions individually 
and by grouping, as well as describing 
the utilities provided. The manual comes 
with a set of alphabetic section dividers, 
but certain letters are missing. I suppose 
they only provide letters for sections in 
which they currently have functions. . 

PforCe is a well-executed product. It 
has a large number of functions and is 
the only product I reviewed that includes 
true windowing and menu support, as 
well as data base functions. With minor 
exceptions, the installation procedure and 
the functions worked as documented. 
The documentation has some holes but is 
otherwise well written and organized. I 
recommend this product to advanced C 
developers; novice and intermediate C 
programmers will need some patience. 
—H.M. 


C Ware 
Tools 
The Tools disk from C Ware arrived in a 
plain brown disposable mailer. At first, I 
wasn’t sure I had received everything, 
but after looking at the single disk it be- 
came clear that the package was com- 
plete and needed no accompanying 
material. 

Tools is not a general-purpose C func- 
tion library. Since it’s so drastically dif- 
ferent from the other packages, we 


decided not to include the package in the 
tables. Most of the tables’ categories 
would have been blank for Tools, giving 
an inaccurate impression of the product. 

The Tools package is best described as 
a utility disk of UNIX-like programs for 
the DeSmet C compiler. These are stand- 
alone programs that compile into execut- 
able utilities. All of the programs come 
with source code, a .DOC file that ex- 
plains their use, and a ready-to-use .EXE 
file. 

The FASTSCR utility accelerates text 
output to the screen. It intercepts the 
video I/O interrupt (10H) and routes 
character output requests directly to the 
screen buffer (the memory area directly 
mapped to the CRT display). If an inter- 
rupt 10H request other than “write a 
character” is performed, this routine 
passes the request on to the BIOS. In- 
stallation is done merely by entering the 
program name at the DOS prompt. 

When I installed the program, it didn’t 
seem to speed up the DIR command, but 
I didn’t do extensive testing. FASTSCR 
doesn’t check to see if it has already been 
installed, so subsequent installations use 
up more and more memory. I installed it 
three times and then tried to install Bor- 
land International’s Superkey. My ma- 
chine promptly locked up; I had to turn 
it off to recover. FASTSCR is a short 
utility that could be valuable on ma- 
chines without memory-resident utilities, 
RAM disks, and such. 

The FREE utility displays the amount 
of free disk space without listing the di- 
rectory’s files. You invoke it by entering 
FREE and a drive name. The amount of 
free space the program listed for me did 
agree with that from the DIR command, 
but this isn’t surprising since DOS func- 
tion 36H provides this information in a 
convenient form. 

GREP is a file-search utility that of- 
fers a very small subset of the features 
found in the original UNIX utility. It 
has a command line switch to ignore case 
during a search, and the documentation 
says it supports the * and § wild cards 
for regular expression searches. 

LS gives a sorted listing of a directory, 
much like the UNIX command of the 
same name. The Tools version supports 
the switches: -/ (long format), -7 (time 
sort), -r (reverse sort), -? (help), and -/ 
(single-column format). (Be sure to use a 
font that will distinguish the last switch 
named as being the numeral one and not 
a lowercase L.) The program correctly 
accessed various paths to give a listing of 
a directory, even when I used only a 
drive name, a directory name, or even no 
path at all. 

MERGE is a C source and assembly 
language merged listing utility. It’s for 
the DeSmet compiler and could be useful 
to DeSmet users who program in both C 
and assembly. 


The C1tO Environment 
An Interactive Program Development Environment 
The cito environment is a revolutionary new program development tool 
which will greatly increase the productivity of any C programmer. Cito 
allows you to create, run and debug procedures in an interactive environ- 
ment. When you make a change to your program only the changed module 
is reloaded into the environment. All the existing code and global data re- 
main unchanged. No longer does a small change require relinking 
an entire program! The cito environment uses your favorite C compiler, 
editor and other programming aids, controlled from a powerful macro inter- 
preter. Finally, the speed, reliability, and portability of compiled C with the 
convenience of an interpreter! 
e Fast reloading of individual modules. 
Command line calling of individual routines. 
Complete error handling and recovery. 
No decrease in run-time efficiency. 
Powerful, general purpose macro interpreter which generates compiled 
code. 
Fast multitasking within the cito environment. 
e Easy to learn — interactive tutorial included. Provides a great; envi- 
ronment for learning C. 
e Available soon — source code debugging of C routines. 
Cito makes it easier than ever to write large or small application programs 
with unparalleled speed! Cito is now available for Xenix* 286, and available 
soon for a wide variety of hardware. The cito environment for Xenix 286 is 
priced at $229. For more information, contact: 
Fillmore Systems, Inc. (612) 831-6984 
7200 York Ave. So., Suite 301, Edina, Minnesota 55435 


*Xenix is a trademark of Microsoft Corp. 
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¢ Full support for Microsoft Windows, 
including far, near and Pascal key words. 

¢ Ability to generate more than 64K of static 
data and declare objects larger than 64K. 


* Improved support for ROM-based applica- 
tions via the “‘const’’ data type. 


¢ Full implementation of K&R C with UNIX 
and ANSI extensions including void, enum, 
unsigned, structure arguments and structure assignment. 


¢ Offers the widest selection of C support tools. 


¢ Over 300 library functions providing ANSI/UNIX/XENIX 
compatibility as well as supporting unique MS-DOS capabilities. 


¢ Full service and technical support from Lifeboat. 


Lattice is a registered trademark of Lattice, Incorporated. . 


LT IEDAAT 


it bE UVriE 


The Full-Service Source for Programming Software 


To order or obtain a complete 
technical specification sheet call: 


1-800-847-7078 
In NY: 914-332-1875 


55 South Broadway, Tarrytown, NY 10591 
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SQL Compatible Query System adaptable to any 
operating environment. 


CQL Query System. A subset of the Structured 
English Query Language (SEQUEL, or SQL) 
developed by IBM. Linked files, stored views, 
and nested queries result in a complete query 
capability. File system interaction isolated in an 
interface module. Extensive documentation 
guides user development of interfaces to other 
record oriented file handlers. 


Portable Application Support System 


Portable Windowing System. Hardware 
independent windowing system with borders, 
attributes, horizontal and vertical scrolling. 
User can construct interface file for any 
hardware. Interfaces provided for PC/XT/AT 
(screen memory interface and BIOS only 
interface), MS-DOS generic (using ANSI.SYS), 
Xenix (both with and without using the curses 
interface), and C-library (no attributes). 


Screen 1/0, Report, and Form Generation 
Systems. Field level interface between 
application programs, the Query System, and 
the file system. Complete input/output 
formatting and control, automatic scrolling on 
screens and automatic pagination on forms, 
process intervention points. Seven field types: 
8-bit unsigned binary, 16 bit signed binary, 16 
bit unsigned binary, 32 bit signed binary, 
monetary (based on 82 bit binary), string, and 
date, 


Including Source Code 
$395.00 


File System interfaces include 
C-tree and BTRIEVE. 


HARDWARE AND FILE SYSTEM 
INDEPENDENT 


‘KURTZBERG 
GomPUTER SYSTEMS 


41-19 BELL BLVD. 
BAYSIDE, N.Y. 11361 


VISA/Master Charge accepted 


(703) 435-0413 


*C-tree is a trademark of FairCom 


IBM, SEQUEL, PC, XT, AT are trademarks of IBM Corp. 
MS-DOS and Xenix are trademarks of Microsoft Corp. 

CQL and the CQL Logo are trademarks of Kurtzberg Computer 
Systems. 
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MORE is a slightly more sophisticated 
version of the DOS MORE command. 
MORE supports wild cards in file 
names, allowing, for example, a scan of 
all the documentation files in the current 
directory with the command MORE 
* DOC. Full path names are supported. 

PCMAKE is a program maintenance 
utility that keeps track of source files 
and modification dates. It’s useful if you 
need to maintain programs that require 
multiple files; its syntax is slightly differ- 
ent from UNIX’s make. 

RM is a file deletion program that en- 
hances the DOS DEL or ERASE com- 
mand. The utility supports switches for 
interactive prompting before deletion and 
listing file names as they’re deleted. This 
utility could be helpful if you ever need 
to delete, say, 50 *.c files but want to 
keep a few-of them. 

TOOLBOX:S is a collection of func- 
tions that can be used with the Tools pro- 
grams. It’s a .S file, the DeSmet 
equivalent of a Microsoft .LIB library 
file. TOOLBOX.S includes the object 
modules needed for binding (linking). 
Since source code is not provided, these 
functions are of use only in conjunction 
with the DeSmet package. 


C function library products 


Blackstar C Function Library 
version 3.0—$99 
version 4.0—$125 
Sterling Castle 
702 Washington St., Ste. 174 
Marina del Rey, Calif. 90292 
(800) 722-7853 


C Function Library —$129.95 
Entelekon 
12118 Kimberley 
Houston, Texas 77024 
(713) 468-4412 


POLYTRON C library —$99 
Polytron Corp. 
1815 Northwest 169th Pl., Ste. 2110 
Beaverton, Ore. 97006 
(800) 547-4000, 
in Oregon (503) 645-1150 


C-Plus—$59.95 
Nostradamus Inc. 
3191 S. Valley St., Ste. 252 
Salt Lake City, Utah 84109 
(801) 487-9662 


€ Tools Plus —$175 
Blaise Computing 
2560 Ninth St., Ste. 316 
Berkeley, Calif. 94710 
(800) 333-8087 


€ Utility Library —$185 
Essential Software Inc. 
P.O. Box 1003 
Maplewood, N.J. 07040 
(201) 762-6965 


I tried compiling GREP.C with Micro- 
soft C v. 4.0. The first problem I had was 
with syntax errors in the C code, such as 
the use of the name main! rather than 
main. My next problem was a missing 
function that’s probably provided in the 
DeSmet compiler libraries. 

In short, I was never able to compile 
the code. This shouldn’t be too surprising 
since Tools is part of the DeSmet pack- 
age and not intended to support other C 
compilers. For instance, the utilities 
make frequent use of in-line assembly 
code that’s not supported by all compil- 
ers (certainly not Microsoft’s). 

I did call C Ware’s technical support 
number (which isn’t toll free) and was 
quickly connected to a helpful person 
who confirmed that Tools is pretty much 
just for the DeSmet compiler. I asked a 
few questions about the .S-format file, 
and the support person had no problem 
explaining the file’s content and organi- 
zation. The call was quick and pleasant. 

Tools is a helpful package if you use 
the DeSmet compiler; it’s not intended to 
be a general-purpose C function library. 
Some of its utilities are available in more 
powerful versions from public bulletin 
boards and well-known texts. 


C-Worthy Interface Library 
package—$295 
package with source—$495 
Custom Design Systems Inc. 
275 E. 200 S., Suite 100 
Salt Lake City, Utah 84111 
(801) 575-8822 

Published by: 

Solution Systems 
541 Main St., Ste. 410 
South Weymouth, Mass. 02190 
(800) 821-2492, 
in Mass. (617) 337-6963 


The Greenleaf Functions —$185 
Greenleaf Software Inc. 
1411 LeMay Dr., Ste. 101 
Carrollton, Texas 75007 
(800) 523-9830 


The HAMMER Library— 
Software Tools in C—$195 
O.E.S. Systems 
1906 Brushcliff Rd. 
Pittsburgh, Pa. 15221 
(412) 243-7365 


Lattice C-Food Smorgasbord—$150 
Lattice Inc. 
2500 S. Highland 
Lombard, Ill. 60148 
(800) 533-3577, in Ill. (312) 916-1600 


PforCe Libraries For C—$395 
Phoenix Computer Products Corp. 
_ 320 Norwood Park South 
Norwood, Mass. 02062 
(800) 344-7200 


If you’re a DeSmet compiler user and 
want ready-to-run code that’s tailored to 
your compiler, this is the package to buy. 
If you want the most extensive imple- 
mentation of grep source code available, 
regardless of compiler, this package will 
disappoint you. C Ware doesn’t claim to 
have the latest and greatest version of 
these utilities; they’re just good utilities 
that can enhance your productivity. 
—G.D.j 


George Defenbaugh is an applications 
software project manager with Amerada 
Hess Corp. in Tulsa, Okla., and interest- 
ed in C and assembly language. Defen- 
baugh and fellow reviewer Richard 
Smedley are currently working on a 
Turbo C textbook. 


Howard Modell is an operating systems 
programmer at Boeing Computer Ser- 
vices in Wichita, Kan. His interests in- 
clude C, compilers, and general 
programming. 


Richard Smedley is an engineer, author, 
and part-time college instructor in Tul- 
sa, Okla. Smedley is interested in C, as- 
sembly language, and AI algorithms. 


C function libraries tables 


The 22 tables (pp. 100-110) group 
the functions by services provided by 
each of the 11 libraries. (The C Ware 
Tools library is not included.) If a 
product is not in a table, it does not 
have any of the features listed. 

Some documentation does not 
make a clear distinction between cur- 
rent and active pages. We use “active 
page” to mean the visible display 
page and “current page” to mean the 
page used for video writes and reads 
(also called the reference page). 

Some library packages call rectan- 
gular regions “windows.” These pack- 
ages display nonoverlapping areas on 
screen but don’t automatically pre- 
serve the screen’s contents beneath 
the region. Unless otherwise stated, 
regions are text, not graphics. 

Information in the windows section 
describes characteristics of a window, 
rather than the screen in general. 
Functions in the user interface section 
are sometimes difficult to distinguish 
from those in the keyboard section. 
Be sure to look at the tables in both 
sections. As to the menu support sec- 
tion, a three-dimentional menu ap- 

_ pears as’a single data field whose 
contents change when certain keys 
are pressed, similar to a horizontal 
menu that disappears back into the 
screen. 


Microsoft Lattice 


DOS Xenix Turbo C Novell VMS Macintosh Microport Turbo C Fox 10-NET 


Turbo C unix 


Microsoft Lattice Turbo C Aztec Computer Innovation Mark Williams 


Turbo C Aztec 


FILE HANDLER 


Performance and Portability 


For all the time you devote to developing 
your new programs, doesn’t it make sense to 
insure they perform like lightning and can be 
ported with ease? 


c-tree: Multi-Key ISAM Functions 
For Single User, Network, & Multi 
Tasking Systems 

Based on the most advanced B+ Tree routines 
available today, G-tree gives you un- 
matched keyed file accessing performance and 
complete C Source Code. Thousands of profes- 
sional C programmers are already enjoying 
c-tree’s royalty-free benefits, outstanding 
performance, and unparalleled portability. 


Only FairCom provides single and multi-user 
capabilities in one source code package, 
including locking routines for Unix, Xenix, and 
DOS 3.1., for one low price! In addition, 
c-tree supports fixed and variable record 
length data files; fixed and variable length key 
values with key compression; multiple indices 
ina single index file; and automatic sharing of 
file descriptors. 


r-tree: Multi-File Report Generator 


r-tree builds on the power of e-tree 
fo provide sophisticated, multi-line reports. 
Information spanning multiple files may be 
used for display purposes or to direct record 
selection. You can develop new reports or 
change existing reports without programming 
or recompiling and can use any text editor to 


eg> 


Computer Innovation 


ISN’T IT A PITY... 


Mark Williams 


_ Everything Isn’t As 
Accommodating As 
c-tree /r-tree 


REPORT GENERATOR 


create or modify r-tree report scripts 
including the complete report layout. At your 
option, end users may even modify the report 
scripts you provide. 


Unlimited Virtual Fields; Automatic File 
Traversal 


r-tree report scripts can define any number 
of virtual fields based on complex computational 
expressions involving application defined data 
objects and other virtual fields. In addition, 
r-tree automatically computes values 
based on the MAX, MIN, SUM, FRQ, or AVG of 
values spread over multiple records. r-tree 
even lets you nest these computational func- 
tions, causing files from different logical levels 
fo be automatically traversed. 


Unlike other report generators, r-tree allows 
you fo distribute executable code capable of 
producing new reports or changing existing 
reports without royalty payments, provided the 
code is tied fo an application. Your complete 
source code also includes the report script 
interpreter and compiler. 


How To Order 


Put FairCom leadership in programmers utilities 
fo work for you. Order G-tree today for 
$395 or r-tiree for $295. (When ordered 
together, r-tiree is only $255). For VISA, 
MasterCard and C.0.D. orders, call 314/445- 
6833. For c-tree benchmark comparisons, 
write FairCom, 4006 West Broadway, Colum- 
bia, MO 65203. 


fc ° 
& ey Complete C Source Code & No Royalties! 


Xenix is a registered trademark of Microsoft Corp. 


Turbo C 
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Authoritative C Expertise 
from Plum Hall: 

Training, Books, and the 
Plum Hall Validation Suite 


Organizations seeking impartial C 
expertise have turned to Plum Hall 
since 1979. C Workshops, Intro- 
ductory and Advanced, are available 
both in-house and on a regular public 
schedule. Plum Hall textbooks con- 
stitute the most comprehensive in- 
tegrated series on the C Language. 


The new Plum Hall Validation 
Suite is alarge set of C programs for 


testing and evaluating C compilers _-. 


and interpreters. The Suite provides 
compiler writers a cost-effective 
_ distillation of the validation and testing 
experience of several projects. And 
for the user organization confronting 
important compiler-product selec- 
tions, the Suite is an effective tool for 
detailed feature-by-feature compiler 
comparisons. 


The Plum Hall Validation Suite is 
tracking the developmert of the ANSI 
C Standard. Each “‘shall,” “‘shall 
not,’ constraint, and syntax rule of 
the Standard will be tested in the 
Suite. Over 22,000 lines of carefully 
written C, plus over a million bytes of 
Script generated C, provide compre- 
hensive coverage. 


Plum Hall at your service 

For fast next-day shipment of book 
orders, for information about top- 
quality training, and for details about 
the Plum Hall Validation Suite, call 


Joan Hall 
President 

Plum Hall Inc 

1 Spruce Avenue 
Cardiff NJ 08232 
609-927-3770 
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Le 


Lahey Computer Systems, Inc. 
Sets a New FORTRAN Standard! 


Introducing the latest addition to our line of FORTRAN Language Systems— 
Lahey Personal FORTRAN 77. 


What you Get With 
Lahey Personal 
FORTRAN 77: 


Lahey Experience. 
We are experts in designing 
and implementing FORTRAN 
Language Systems. Lahey 
has been producing 
mainframe implementations 
since 1967 and a PC 
FORTRAN (F77L) since 1 
In fact, F77L was named the 
“EDITOR’S CHOICE” among P 
FORTRANs by PC Magazine. This” 
year span of specialization has been 
incorporated into the design of our 
revolutionary Lahey Personal FORTRAN 77. 


LAHEY SLASHES COMPILATION TIME. : 
Compilation times (in seconds) for Mis stone Program (WHETS3H. FOR). 


Test conducted on IBM AT running at 6Mhz with 80287. 


Lahe Personal FORTRAN 77 Version 1.0 ($95) 11.57 
Microsoft FORTRAN Version 4.0 ($450) 


Ryan McFarland ForTRAN Version 2.21 ($595) 


Customer Support: 


Our philosophy is that customer relationships begin, rather.than end, at the 
point of sale. Services include free technical support, electronic bulletin board 
for fast service and information access, and newsletters to keep you up to 
date. 


Purchasing the Lahey Personal FORTRAN 77 gives you our 
FORTRAN experience, a feature loaded product, industry leading 
compilation speed, and quality technical support; all for $95. 
International Representatives: Canada: Barry Mooney & Assoc., Tel. (902)6652941 @ England: Grey Matter 


Ltd., Tel. (0364)53499 @ Switzerland: DST Comp. Services, Tel. (022)989188 e Denmark: Ravenholm Computing, 
Tel. (02)887249 e Australia: Comp. Transitions, Tel. (03)5372786 e Japan: Microsoftware Inc., Tel. (03)813822 


MS-DOS & MS FORTRAN are trademarks of Microsoft Corporation. 


If you want to program in FORTRAN - Lahey is the Source 


Please send me __ Lahey Personal ENCLOSED 
FORTRAN 77 copies @ $95.00 each __ Check __ Visa __ Master Card __ AMEX 


coprocessor 
LCS Software Products 


| SF eg Rea ans 


Disk Format —__ 51/4” __ 3/2” Number 
Add $2.50 for shipping and Expiration Date 
handling per unit eS Ae Signature 
Nevada residents add Name 
applicableitaxcu ss 0 9 i ee Company 
TOTAL ENCLOSED Address 
SEND ME INFORMATION: City : 
Lahey Personal FORTRAN 77 State Zip 
A future release not requiring math Phone 


Send to: Lahey Computer Systems, 
POB 6091, Incline Village, NV 89450-6091 


CIRCLE 34 ON READER SERVICE CARD 


Feature Loaded: 
@ Full implementation of the 
ANSI X3.9-1978 FORTRAN 
Standard 

e@ Fast Compilation (see chart) 

e Popular Language 
Extensions highlighted in the 
manual 

e@ Source On-Line Debugger 

@ English Diagnostics and 

Warning Messages 

LOGICAL*1, LOGICAL*4 

INTEGER*2, INTEGER*4 

e@ REAL*4, REAL‘, and 
DOUBLE PRECISION 

@ COMPLEX*8, COMPLEX*16 

@ Recursion 

@ 31-Character Names 

@ Trailing Comment 

e@ Cross Reference and Source 
Listings 

e 64 KB Generated Code 

e@ 64 KB Stack Storage 

e 64 KB Commons, Constants 
and Saved Local Data 

@ Math coprocessor 
requirement gives maximum 
performance 

e 350 Page User Manual 

SYSTEM REQUIREMENTS: 

256K Ram MS-DOS (2.0 or later) 

Math Coprocessor Chip (8087 or 80287) 


$ 


Lahey is setting the 
PC FORTRAN Standard. 


TO ORDER 


1-800-548-4778 


Lahey Computer Systems, Inc. 
P.O. Box 6091 
Incline Village, NV 89450 
Telephone: (702) 831-2500 
TELEX: 9102401256 


Lahey 
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UNIX-LIKE TOOLS 


Lock into the POWER of UNIX with 
CCtools, THE Programmer’s Toolkit™ 
CCtools contains various UNIX-look-a-like utilities and 
text processing commands useful in any programmer’s 
# toolbox. Some of these programmer productivity tools 
are fgrep, head, tail, qor, cat, wc, more, od, getopt, 
line, page, path, touch, cp, uniq, true, false, expr, tee, 

and others. 


All programs within CCtools come with complete 
documentation and can be run from the normal 


LOTUS TOC 


The Power of LOTUS with 
the Flexibility of C 


The LTS__2 C™ translates the entire 
LOTUS worksheet, Data and Formulas to 
C Language source file ready to compile 
on PC Mini- or Mainframe. 


system prompt. For instance, via command.com on 
an MSDOS machine. CCtools is a must for the 
serious programmer. 


e Works on LOTUS releases 1 and 2 

e Library of all spreadsheet functions 

e Compatibility with most C Compilers 

e Fast, portable, executed in one 
command 

e Interactive screen interface 


RESOURCE ANALYSIS 
INTERNATIONAL (RAI) 


12581 Venice Blvd. 
Los Angeles, CA 90066 
(213) 390-7661 


*LOTUS is a registered trademark of LOTUS 
DEVELOPMENT CORPORATION. 


CCtools is currently available on various machines 
for UNIX, MSDOS, and other non-UNIX environments 
at the introductory price of only $24.95! We can be 
reached at 718-849-2355 if you have any questions. 


We offer a FREE hotline, and a 30-day unconditional 
refund policy. We will never sell a copy-protected disk. 
No shipping, handling or hidden costs. 


Comeau 
Computing 


91-34 120th Street 
Richmond Hill, NY 11418 
Member of the Programmer’s Co-op 
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PROGRAMMERS! 
THE Too.Ls You NEED 
AT A PRICE YOU’LL LIKE 


Biree Supports all index file operations. Very quick 
sequential or random access, duplicate keys, multiple _ < 75.00 
indices, fixed and variable length data records are all supported. 


Works on top of BTree to provide a simple, yet 
powerful application program/file system interface. 40.00 
Complex filesystem manipulation becomes a snap. Provides the power 


of a database manager with the flexibility of a programming language. 


Finally, a completely device independent printer library! 
Ip drives any printer as accurately as possible and allows easy access to 75.00 
its most sophisticated features. Multiple fonts, multi-column output, complex margin 
formatting, and much more. Pays for itself the first time it’s used. 


The ultimate ‘make’ utility. We couldn’t find a good one, so 
we wrote a great one. Has all kinds of powerful features including wild 59.00 
card filename expansion, nested macros, and multiple dependency and rules defini- 


tions. Ready to go for MS-DOS; C source is there if you use another operating | 
system. 


Combine & Save: BTree + ISAM + Ip 149.00+ snake 199.00 ie, Se = 
Each product includes a typeset manual, example programs, and complete C source Oakvill as Oy ‘ e d 
code that runs on any operating system. Softfocus products may be incorporated into Oakville, Ontario, Canada 
applications royalty-free. L6L 25 


Credit card orders accepted. Visa, M/C, Amex. Dealer inquiries invited. (416) 825-0903 
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TP2C C CODE FROM 
*TURBO PASCAL 
YOU NEED TP2C ™ IF: 


e You Like the ease of Turbo Pascal but wish to 
create linkable libraries. 

e Your Turbo Pascal programs are too large for 
COM files. 

e You want Pascal strings and sets in C. 


TP2Cc™ 
* Produces standard C code DIRECT from Turbo 


Pascal programs. 
* Create function libraries from Pascal routines. 


* Supports strings, sets, and Pascal I/O. 

* Pascal programmers may use as an aid in 
learning C. é 

* Move Turbo Pascal programs to Unix or other 
machines. ; 

* Translate whole programs or program segments 

* For PC-DOS and MS-DOS machines. 


Order Today only $249.00 


BISS of Louisiana 
5432 Superior Drive, 
Suite A-1, 

Baton Rouge, LA 70816 
(504) 295-0260 


*Turbo Pascal is a registered trademark at Borland International 
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D UKE HE'S 50. 
E . \ TOTALLY RAD, 
‘ isk: =a Y'KNOW? 


Now you can use QPARSER + to develop com- | 
pilers, interpreters, complex user-interfaces, language } 


| & file format translators (ie. Pascal to C, Bit Map} 


to Postscript), language debuggers like lint, etc.. 


Develop language translators in C and Pascal 


1 within the IBM PC/XT/AT or VAX/VMS environments. 
f A new user manual, automated syntax tree con- 
| struction and an advanced code generation language 
y are just a few of the improvements over the original } 
|) QPARSER. ; 


ee 
’ 


1 Another translation by QPARSER: | 
; Just $475 (rcaat) — FREE demo disk available 
QCAD Systems I 


1 ‘ 
1164 Hyde Ave., San Jose, oA 95129 (408) 995-6884 
wm = = Qutside Calif call TOLL-FREE (800) 538.9787, 
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Parallel Programming for “C” 


INTERWORK 


A Concurrent Programming Toolkit 


Interwork is a “C” program library which allows you to write 
your programs as a set of cooperating concurrent tasks. Very 
useful for simulation, real-time applications, and experimenta- 
tion with parallel programming. 


FEATURES 
Supports a very large number of tasks (typically more than 
100) limited only by available memory. Low overhead per 
task results in very fast context switching. 
Provides a full set of inter-task communication (ITC) 
facilities, including shared memory, locks, semaphores, 
blocking queues, and UNIX*-style signals. Also has building 
blocks for constructing your own ITC facilities. 
Handles interrupts (DOS version) and integrates them into 
task scheduling. Supply your own interrupt handlers or 
block tasks on interrupts. 
Lets you trace task switches and inter-task communication. 
Comes with complete documentation including a user's 
manual and reference manual of commands. 


Interwork is available for the following systems: 


Hardware Operating System Price 
IBM PC, XT, AT PC-DOS 2.0 or later $129 
IBM PC AT XENIX* $159 
DEC VAX; SUN UNIX 4.2BSD $249 


PC-DOS version is compatible with DeSmet, Lattice, and 
Microsoft C compilers. 

Please specify hardware and operating system when order- 
ing. Shipping and handling included; COD orders add $2.50. 
Send check or money order to: 


aN Block Island Technologies 

Innovative Computer Software 

13563 NW Cornell Road, Suite 230, Portland, Oregon 97229-5892 
(503) 241-8971 


“Trademarks: UNIX, AT&T Bell Laboratories, Inc.; XENIX, 
Microsoft, Inc.; VAX, Digital Equipment Corporation 
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unstructured 
flow charts with 
Nassi-Shneiderman 
STRUCTURED 
FLOW DIAGRAMS 


NSCharts are created 
directly from text files. 


Text files consist of 
NSPDL, a Siltronix 
structured design 
language. 


Translators to NSPDL 
from FORTRAN 77, C, 
Pascal, SDDL PDL and 
Caine-Farber-Gordon PDL are also available. 


NSChart runs on Macintosh™ and IBM™ PCs. Both 
feature a What-You-See-Is-What-You-Get-Interfacee 


fom RILTRONIX 


P.O.Box 82544 San Diego, CA. 92138 
Sales (800) 637-4888 Tech. Support 


IBM PC is a trademark of International Business Machines Corporation 
Macintosh is a trademark of Apple Computer Inc. 
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_ Memory management and manipulation, math 


yi 
n 


Blackstar 


C Function 
C Library 
CTools 


C Utility 
C-Worthy 
Greenleaf 
HAMMER 
C-FOOD 
PforCe 


n 


Printer 
Blackstar 
C Function 
C Utility 
Greenleaf 
HAMMER 
C-FOOD 
PforCe 


ions port 


Icat! 


mouse and serial commun 


Device support 


Blackstar 
CLibrary 
CUtility 
Greenleaf 


(ie fs 


HAMMER 


C-FOOD 
PforCe 


* 


| 


General util 


Blackstar 
CFunction 


CTools 
CUtility 


HAMMER 


Greenleaf 
PforCe 


Tables 16- 


19. 


the dBx” Translator 


C from dBASE II, III, IlJ+ programs 


Move to UNIX, XENIX, QNX, MAC, AMIGA 
Faster, more reliable IBM PC programs 
Supports multi-user and network 
Run your code on any standard C system 
e Know dBASE? Learn C easily. 
e Priced from $350; available from distributors 
e Includes full screen handler library 
e Supports a choice of C database managers 


from (ZX) Desktop Ai 


1720 Post Road East, Westport, CT 06880 
Telephone: 203-255-3400 Telex: 6502972226MCI 
MCIMAIL-DESKTOPAI 


dBASE Is a trademark of Ashton-Tats 
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Query +MANAGER= 
Q-MAN 


Q-MAN, a fast true relational data base management 
system which supports interactive and imbedded 
querries, library routines, forms, and is multi-user 
or distributed. Uses QUEL query language, B+ 
trees, and fast sort-merge joins. SQL available 
August 1, 1987. 


dBx Ie a trademark of Desktop Al 


Runs on: single-user multi-user 
SYS 5 $895 $1195 
4.2 895 1195 
Ms-DOS™ 219 329 
To order 
Call collect 


az 
a (608) 271-2171 


Breakpoint Computer Systems, Inc. 


6701 Seybold Road, Suite 204 
Madison, WI 53719 


Include machine name and operating system 
when ordering. 


Visa and Mastercard accepted. 
MS-DOS" is a registered trademark of Microsoft Corporation. 
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CANADA’S 
SOURCE FOR C 


— Canadian Sales 
— Canadian Service 
— Canadian Technical Support 
— Canadian Product Knowledge 


We specialize in programming & development software 


LIFEBOAT e LATTICE e GREENLEAF e PHOENIX 
SOFTCRAFT ¢ MICROSOFT ¢ BLAISE e ESSENTIAL 
AGE OF REASON e DESMET e AZTEC 
MARK WILLIAMS e GIMPEL e ROUNDHILL e GSS 
HALO e FAIRCOM e RAIMA e@ INTEL @ etc. @ etc. © 


= Call for full price list—Dealer enquiries welcome & 
We know our products — we use them! 


SCANTELSYSTEMSLTD. 


801 York Mills Rd., Don Mills, Ont., M3B 1X7 
(416) 449-9252 
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Along With Your Computer, Your Time 
is the Most Important Thing You y 
Own. . So Why Waste It? 


Quilt Programmer Productivity 
Tools will help you manage your 
software projects and get control 
of your time! 


sRMs™ 
Goftware Revision Management System 


Full Featured Revision Control System 
=All Versions stored in a Single ASCII File 


Intelligent Program Generation Utility 


=Controls the rebuilding of even the most 
complex systems 

© Relieves the developer of remembering which 
modules need to be rebuilt based on recent 

=Allows you to use your current compilers | changes, how to rebuild them, and in what 
and editors without conflict order to rebuild them 

=Windowing Shell interface to simplify use] = Works with most compilers, assemblers, and 

=MERGE facility to consolidate different linkers 
development paths easily, while pointing | =Supports full macro definitions, UNIX make- 
out conflicting areas file compatability, recursive invocations, and 

=Full audit trail tracking and reporting on | command line parameters 
all library components -Interfaces completely with SRMS, providing 
you with a complete set of productivity tools 
to handle any size project 

= Requires DOS 2.1+, 128K F/H Disk 


Handles big programming projects easily 

=Full DOS Pathname and Environment 
Variable Support 

Requires DOS 2.1+, 224K, F/H Disk 


SRMS Version 8.0.erccccrecrscsseeee $185 | QMAKE Version 1.Becccsceerecscesrsees 2899 
SRMS + QMAKE cccecscessessecsseeseeeeeee $250 
NEW 3 TXT Tools NEW § 
QSE - Quilt Text Stream Editor 
QSRCH - Quilt File Search Utility 
(Like UNIX GREP) 
QDIFF - Quilt Windowing File Difference Utility 


TXTTOOLS Version 1.0....cssccsreeseees $85 


ILT 


COMPUTING 


7048 Stratford Road 
Woodbury, MN 55125 
(612) 739-4650 
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Documentation 


No .lib file is supplied; programmer must compile C source code for each compiler and memory model used. 


ae 
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Breakthrough in interface management. Generate C code from Dan Bricklin’s Demo screens. Date fields. Full color support. Money fields. Fully 
_ programmable field behavior. Scrolling text within fields. Calculator style numeric input. User definable entry validation. Field marking. Orthogonal 
field movement. Specify fields by number or location. Source code included. Screen sizes limited only by memory. Interfaces with db__VISTA 
and other libraries. Text style numeric input. Input masking. List fields. Create spreadsheets. Includes Look & Feel screen designer. Integer fields. 
String formatting commands. Date and time validation functions. Generate C code with Look & Feel screen designer. Supports automatic vertical and 


horizontal scrolling. Clean screen 
fields per screen limited only by 
development. String fields. Easy to 


gramming library. Hexadecimal 
or No fields. Float fields. Quick C. 
Speaker functions. Lattice. Create 
Slug. Numeric validation routines. 


painting. Bind as much data as de 
data entry with commas. Ask a S| 


machine. Number of 
memory. Fast screen 
modify. Fast screen 
sired to fields. Numeric 


SCa e Wi @ bout our linear pro 
© fields. Long fields. Yes 
Read only fields. 


with reports. Codename 
Validate data at the 


keystroke level. Customize screens and menus at run time. 
30 day money back guarantee. Gen 4 CE eric data pointer. Rich 
assortment of editing commands. Gm) Easy to learn. Pop-up 


windows. Assign validation data to 
credentials. Pull down menus. Sup 
mode. All functions are kept in 
C style function reference. Pop-up 


fields. Corporate C 
ports EGA 437 Ine 
separate modules. Full 
prompt and message 


functions. Numeric range checking. The state-of-the-art interface management No royalties. Descrip- 


tive function names. Date and time 
Capture screens from existing 
as deep as desired. Easy to main 
checking. Date and time conver 


system preferred by professional C 


conversion routines. 
programs. Nest screens 
tain. Run time error 
sion functions. Screen 


definition language based on Cs| | PLOgrammers and consultants worldwide. sine Time Held Ful 


ly definable borders. The current 
cally highlighted. Create reports. 


field can be automati- 
Exploding borders. 


Conver old programs to C. Borders with titles. Color map enables use of logical colors. Toll-free telephone support line. 24 hour bulletin board. 
Automatically detects type of monitor being used. ANSI driver included. Screen and field definitions. Uses device drivers for portability. View 


text in pop-up 
word entry fields. 

paging functions Rook & csfeel 
Customizable 

lect different cur 
Supports CGA, 
monochtome.| ® WYSIWYG screen design tool 
cludes functions e Generates readable C code 


the display. In} © Create menus and data entry 
ANSI device dri screens 


ety of keyboard : ; 
co Ce Define fields of any type 


menuing systems. : 
scroll lights. Vid| ° Line draw and erase 


ver included.| © Block, move, cut, paste, copy 


driverscanbecre} ¢ Horizontal and vertical scrolling ated. Color 


map enables log] e Edit Dan Bricklin Demo slides 
Colors, Borders) Full color support 


lines. Fully inte 
@ 
Cane Fast, easy, and fun to use 


as needed. Create ¢ Includes help ; 

oe Easy to} ° Full-feature demo available 
. Professional 

oe Includes 


Oakland Group, Inc. (J 


675 Massachusetts Avenue 
Cambridge, MA 02139-3309 


800-233-3733 CALL 
617-491-7311 NOW [en 


PC/MS-DOS $279, plus shipping (includes C-scape, Look & Feel, 
source, manual and support). UNIX/others call. 30-day review. 


e Variables, prompts, and validation 


windows. Read only fields. Rich assortment of editing commands. Pass- 
Includes ROM BIOS driver. Fields can support any data type. Scrolling/ 
included. Specify writeable and non-writeable positions within fields. 


borders. Se 


sor types. 
boa, and] = C-scape 2.0 
Aztec. In 
for writing to 
cludes an 
ver. A vari| ® Windows, windows, windows 


functions. e Menus, menus, menus 
Multi-level e Vast help system 
ae e Create any type of field 
= “|e Data entry and validation 
New device 

e Smart borders 
ical use of | °& Extensive function library 
with prompt} © Swappable device drivers 

_ grated help) © Easy-to learn and use 
+f many screens} e Easy to maintain and modify 

data entry) e Unsurpassed flexibility 
follow man 3 ; 

© Professional manual 


customer sup 4 z 
higher level] ° No royalties; no run-time license 


functions. Device drivers swappable at run-time. Context sensitive help system. Cross} ® Source code included 

referenced help screens. Protected fields. Object-oriented design. Read in screen defini) ¢ Demo package available 
tions from disk files. Digitally mastered. Assign prompt strings to fields. UNIX. No run- 
time license. Numeric range checking. Unified field theory. Full printf % substitution 


within screen definitions. Supports all memory models. C Bricklin run. Turbo C. 
24 hour bulletin board. Higher level functions included. Object-oriented design. 
All library functions are kept in separate modules. Nest screens as deep as desired. 
Design screens with Look & Feel screen designer. New device drivers can be created. 
Create as many screens as needed. No run-time license. Hexadecimal fields. Prefer- 
red by professionals and consultants. Microsoft. Cross referenced help system. 
by space aliens. Generate C code with Look & Feel screen designer. Context 
sensitive help system. Scroll lights. Read in screen definitions from disk files. 
Automatic vertical and horizontal scrolling. Batteries not included. Double and 
single line borders. Cross-referenced help system. Save and restore regions of the 
display. Nested menus. Quick C. Create screens from ASCII files. Easy to learn 
and use. Horizontal and vertical scrolling. Used by consultants and corporations 
worldwide. Easy to maintain. Professional documentation. Screen designer creates 


ae C code. Portable. Easily modifiable functions. No royalties. Source code included. Turn Dan Bricklin slides into C. Professional support. 
Interface examples for data base management. Validation at keystroke level. Vast integrated and indexed context-sensitive help system. Save and 
restore regions of the display. Now supporting Quick C, Turbo C, Aztec, Lattice, Microsoft, UNIX and others. And that’s not all. Call for demo. 
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boat. Your best source for 
best names in software. 


C86PLUS 


Proprietary C compiler design 
applies artificial intelligence to 
produce highly optimized code. 
Provides a highly productive 

and sophisticated programming 
environment, especially in ROM 
applications development. Fea- 
tures Microsoft C v. 4.0 and UNIX V 
compatibility; C library source 
code; full ANSI libraries and over 
300 functions; ROMable code; 
small, compact, medium and large 
memory model support; 186/286/ 
386 code generations options; and 


h 
SR Geet Beal aut C84 
RUWN/C Professional 


detect emulator. 

Powerful C interpreter lets you 
dynamically load and unload 
compiled functions, execute in real- 
time at compiled speed, test mod- 
ules with source code debugging 
and more. Includes more than ie 
ee ainvle progtamns, See 
compatible wit 

Lattice C and yrson 
Microsoft C 4.0. ; 


Essential Comm 
Library Plus 


AC library plus debugger stressing 
reliability and ease of use. It en- 
ables speeds to 9600 baud with 
XON/XOFF and XMODEM support. 
It includes a thorough manual with 
tutorial and easy-to-follow exam- 
ples and demos. The debugger 
turns your PC into a sophisticated 
line monitor while an internal edi- 
tor enables you to create, send or 


capture data, save it 
to a file, compute ES 
Call for the latest 80386 


checksums or edit it 
in Hex or ASCII. 
development software. 


ADVANTAGE Make 


Full featured. Supports UNIX 
MAKE scripts, multiple targets in 
single definition, full pathname, 
self-referencing macros. aa 
Many internally defined 

macros; i.e.,$,$*,$< and 

much more. 


ADVANTAGE 
Disassembler 


Provides immediate feedback as 
you work, storing results in tables 
on disk. Final output is ready for 
MS assembler. Handles eq 
-COM and .EXE files; 

8086/186/286 code and 

8087/287 coprocessors. 


PforCe++ 


Provides essential tools for object- 
oriented programming with C++. 
Speeds development time and en- 
sures cleaner, more maintainable 
programs. You can build entire 
systems with a minimum of new 
coding. Over 400 easy-to-use func- 
tions include windowing, database, 
B-trees, field editing, menus, com- 
munication, table hashing/parsing, 


string/file handling Mande 


and time/date 

calculations. 

Windows for Data 
Build a state-of-the-art user inter- 
face into your user program. 
Complete system for building and 
managing menus, data-entry 
forms, user help and text files in a 
windowing environment. Begins 
where others end. Features in- 
clude: Field entry from lists of 
choices, scrollable regions for en- 
try of a variable number of line 
items, nesting and branching of 
forms and 
menus. Unique S5 Vermont 
built-in debug- ely Creative 
ging system. Software 


Periscope III 


Periscope Ill sets a new standard 
in price/performance for real-time 
hardware breakpoint debuggers. 
You'll find the errors in real-time 
systems, stop intermittent failures, 
interface with undocumented sys- 
tems and eliminate bottlenecks in 
your code. It’s an easy transition 
from other models too, since the 
commands are a superset of those 
used in Periscope I, Il and II-X. One 
board works on PC/XT/AT. The 
system includes the board, break- 
out switch, software, manual and 
quick 
reference 
card. 


PERIS E 


Windows Software 
Development Kit 


Full-featured operating environ- 
ment for developing and running 
application programs. Sophisti- 
cated user interface provides 
windowing, menus, dialog boxes 
and more. View and run multiple 
applications simultaneously; ex- 
change data between programs; 
support keyboard control keys. 
Portable applications are inde- 
pendent of graphic devices. Full 
support for programs written in 
Microsoft C Compiler, Pascal and 
Macro Assembler. 
Includes utilities 
and sample code. 


Microsoft 


Call ee for your =aEk 
_ Solent c& Engi 


Be —— 
in NY 914-332-1875 


or see your local Lifeboat Affiliated Dealer 


The Full-Service Source for Programming Software 


LIEEKRDAAT 


eit EOE 


INTERNATIONAL SALES OFFICES 


55 South Broadway 

Tarrytown, NY 10591 
Telex # 510-601-7602 
The names of the products listed are 


generally the trademarks of the 
sources of the products. 


Switzerland: Euro-Link 

Willisau 4145 813 514 

SATT Software West Germany: MEMA Computer GmbH 
Tokyo 03-295-3390 Frank dunt 069-347226 

Netherlands: SCOS Automation BV Omn 

Amsterdam 020-10 69 22 Rheinfelden 07623/61820 

Spain: Micronet,S.A. 

Madrid 1-262-3304 


Japan: Lifeboat, Inc. 
Tokyo 03-293-4711 


Australia/New Zealand: 
MOS Computer Software/ 
Charlton Distributors 
Auckland (09) 766-361 
Canada: Scantel Systems 
Toronto (416) 449-9252 
Denmark: Ravenholm 
Copenhagen 288-7249 


England: Grey Matter, Ltd. 
Devon 364-53499 

System Science, Ltd. 

London (01) 248-0962 

France: Compusol 

Paris 14 530 0737 

Italy: Lifeboat Associates Italia 
Milan 02-464601 
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SOFTWARE REVIEWS 


-tree-indexed fil- 
ing systems are a 
popular and 


efficient way to manage record storage 
and retrieval. They offer the advantages 
of rapid record retrieval, insertion, dele- 
tion, and the maintenance of presorted 
access paths to records. ; 
Unfortunately, writing a B-tree-based 
application is not simple. For example, 
the C Programmer's Library’ contains 
about 100 pages (devoted mainly to 
source listings) on the implementation of 
a B-tree Indexed Sequential Access 
Method (ISAM) library. This library 
contains only functions to create, search, 
and add to B-tree indexes. If you want to 
tie the indexes to data files—they serve 
little purpose otherwise—you must adapt 
functions supplied in the next chapter, 
which contains 50 pages giving an exam- 
ple application. If you need to delete a 
record and its associated key from an in- 
dex, you need the book’s companion disk. 
This example is not intended as criti- 
cism of the book, which I recommend. 
However, it does impress the reader with 
the complexity of B-tree applications. 
Fortunately, several software vendors 
provide alternatives to writing your own 
B-tree library. I’ll take a look at three 
development tools that implement B-tree- 
indexed record storage and retrieval sys- 
tems for applications developers: 
Softfocus’s BTree & ISAM, SoftCraft’s 
Btrieve, and FairCom’s c-tree. But first, 
let’s take a closer look at B-trees. 
Trees are organizational structures 
used in everyday life as well as in pro- 
gramming. Perhaps the best known ex- 


Simple B-tree 


Root 
EJESESEM 


Root 


Ba After one insertion 


Figure 1. 


B-tree filing systems for C 
eS lr ST "==ne=—==—_=_—_—'] 


By Scott Lewis 


ample is the ubiquitous staff 
organization chart. In programming, the 
most common example is the binary tree, 
a fundamental data structure used for 
sorting and searching. 

In an attempt to find a better method 
for supporting indexes, B-trees were de- 
veloped independently in the early 
1970s. Like a binary tree, a B-tree is 
composed of a root node, branches con- 
taining other nodes, and leaf nodes, 
which are nodes that have no children. 
But the rules for building a B-tree result 
in a tree that differs significantly from a 
binary tree. According to Nicklaus 
Wirth,’ four rules govern B-trees: 

1. Every node must contain at most 2 
keys. 

2. Every node except the root must 
contain at least n keys. 

3. Every node except leaves must have 
at least m+1 children, where m=the 
number of keys in the node. (Note that 
in a tree of one node, the root is also a 
leaf.) 

4. All leaves are at the same level. 

The value n in the rules is called the 
B-tree’s order. Figure 1 shows a simple 
B-tree of n=2 before and after an inser- 
tion that causes the tree to grow. Prior to 
the insertion, the tree consists of one 
node containing four values. Inserting 23 
into the tree causes the node to split to 
avoid violating rule 1. 

However, the tréecannot simply split 
into two nodes containing two and three 
values, respectively, or it would violate 
rule 3. Therefore, we must rearrange the 
tree by adding a new root node with one 
value, leaving two values in each leaf. 


Now it complies with all the rules. 

Figure 2 shows the same tree after 
more insertions. Note that the left-most 
pointer in the root points to a leaf con- 
taining values less than the left-most val- 
ue in the root. The next pointer in the 
root points to a leaf containing values 
greater than the left-most root value but 
less than the next-higher root value, and 
so on. 

The tree in Figure 2 has room for nine 
more keys. If the tree were fully populat- 
ed, it would hold 24 keys. Looking at the 
tree we find that by examining the root 
we can eliminate 80% of the remainder 
of the tree. That is, by looking at the 
root, we can determine which branch to 
take, eliminating the other four. This re- 
mains true whether the tree has two lev- 
els or 2,000, if the root contains four 
values. 

We can find any key in the tree with a 
maximum of eight comparisons, assum- 
ing the tree is fully populated. At worst, 
a binary tree could require 25 compari- 
sons. Finally, assuming that the node size 
is such that we can read an entire node 
into memory with one disk access, we 
can find any key with a maximum of two 
disk accesses—one per level. 

While the difference in performance 
between our example B-tree and an 
equivalent binary tree would not be no- 
ticeable, it could become extremely sig- 
nificant in real applications with large 
indexes. 

Assume a B-tree with n=10 and five 
levels. Theoretically, the tree could con- 
tain 4,084,100 keys ((1 + 21 + 441 + 
9261 + 194,481 nodes) * 20 keys per 


Same B-tree after more insertions 


Root 


Figure 2. 
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An Easy 
To Use System 
For Writing 
Professional 


C 


Programs 


Quic-PRO 5™ 


Sth Dimension Software 
Development 


Quic-PRO 5™ is a complete 
applications development system 
that allows fast application 
development for non-professionals 
and pros alike. 


System includes: 

® Applications generator 
@ 4th generation language 
@® Query language 

@ Report generator 

@ C translator 

® Datalite C compiler 

®@ File handler 


Fantastic Value! 


Complete system 
(Single user) 


LAN all memory.......... 
models (Multi user) 


Requires: PC/MS-DOS, 512 RAM, 
Hard Disk 


30 Day Guarantee 
Dealer Inquiries Invited 


Cin-e international” 


136 Granite Hill Court 
Langhorne, PA 19047 
(215) 968-5966 
VISA/MasterCard call collect 

‘for credit card order. 
© 1987. Q-N-E International. 
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node). Yet even with such a massive in- 
dex we can find any key with a maxi- 
mum of five disk accesses and 100 
comparisons. Even if we assume a more 
realistic situation with the same tree only 
60% populated, we can still find any key 
in 2,450,460 keys with a maximum of 
five accesses and 100 comparisons. This 
should be a reasonably convincing argu- 
ment for using B-trees. 

The tree in Figure 2 is sparsely popu- 
lated. There are many variations on the 
B-tree algorithm. Assuming n=2, a dif- 
ferent algorithm might result in a tree of 
fewer nodes to contain the same 15 val- 
ues—we could get by with four nodes in- 
stead of six. 

Obviously, increasing the order would 
also decrease the number of nodes. Some 
trees may relax the order rules so that 
leaves may contain less than ORDER 
values to allow adding a leaf to the tree 
with less disruption of the remaining up- 
per levels. Some may carry upper node 
values down the tree so that all values 
can be found in the leaves and only 
leaves have pointers into the data file. 
However, all have the advantage of rapid 
searches with few disk accesses. 

Now that you understand more about 
B-trees, you should be convinced that 
they provide an effective way to enhance 
the performance of record-oriented 
applications. 


Testing and benchmarks 

By nature, B-tree tool kits are complex. 
It is impossible to do a complete evalua- 
tion without developing real applications. 
Therefore, some of the functions and fea- 
tures discussed in these reviews are 
untested. 

However, to get a feel for the pack- 
ages, I did develop two simple programs 
using Microsoft C v. 4.0 with the small- 
model option. The first program simply 
checks to see if index and data files are 
present, creates them if they aren’t, 
checks to see if-a°record is present, up- 
dates or inserts the record, then retrieves 
the record to verify that the update or in- 
sertion has been properly done. Generic 
versions of this program are available on 
the COMPUTER LANGUAGE Bulletin 
Board Service and CompuServe forum 
(btrieve.lst, ctree.Ist, and btis.Ist). 

Next, I developed simple benchmarks 
consisting of nine tests based on three 
key types: string, long integer, and seg- 
mented string. For each key type, I 
stored 280 records, retrieved each record 
based on a get = key search, and re- 
trieved each record based on a GET 
FIRST/GET NEXT search in key order. 

You will note that the results of these 
benchmarks are not presented. Develop- 
ing equitable benchmarks is complex. 
First, do you try to set each package on 
an equal footing or optimize them? In 
the first case, you must ensure that each 
package is using the same cache size, 


node size, data page size, etc. How does 
the data’s composition affect perfor- 
mance? Perhaps one package handles 
duplicate keys more efficiently, while an- 
other is more efficient when duplicates 
are not allowed. 

If you decide to optimize, you must 
vary several parameters to determine 
what is truly optimal. Each variation re- 
quires recompiling your benchmark, and 
typically for c-tree and BTree & ISAM, 
the entire library. 

Finally, because the benchmarks are 
I/O intensive, you must ensure that each 
package is reading and writing to an 
equivalent place on the disk. Fragment- 
ing a file can significantly affect results. 
To give you an idea of the effort involved, 
one of the developers related that he had 
spent six weeks (full-time) to benchmark 
his package against several others. 

In my opinion, any of the packages 
should be fast enough for most PC-based 
applications, especially interactive appli- 
cations where most time is spent waiting 
on the user. 

For example, with my 10-MHz 286 
machine and a 28-millisecond hard disk, 
the longest any package took to store 280 
records of about 70 bytes with a string 
key of length 30 was about 6 seconds. 
The longest any package took to retrieve 
280 records based on the same key and a 
get equal search was about 5 seconds. 

However, if you plan to write applica- 
tions that manipulate relatively large 


data bases and employ batch operations, . ——- 


you may want to contact the vendors for 
performance data or buy more than one 
package and benchmark them for your 
specific applications. 


Softfocus 

BTree v. 2.1 & ISAM v. 2.0 

BTree & ISAM by Softfocus provides 
the basic functions for implementing a 
B-tree filing system. It does not provide 
the sophistication of the other two pack- 
ages reviewed here. However, its func- 
tions and features should be sufficient for 
many applications and it is considerably 
less expensive. It should be easy to con- 
figure for most compilers by simply vary- 
ing a few #defines. The pertinent values 
are included for Wizard, Hi-TECH, Lat- 
tice, Mark Williams, Aztec, Datalight, 
DeSmet, Computer Innovations, and Mi- 
crosoft compilers and UNIX and 
XENIX C compilers. 

While BTree & ISAM provides fewer 
functions than the other two packages, 
all the basic building blocks are present. 
The major difference is that you will 
have to do some of the work yourself. 

For example, BTree & ISAM provides 
only two high-level, logical, key retrieval 
functions, GET >= and GET =. How- 
ever, you can build the other standard re- 
trieval functions from these two. For 


FA coceENT PROLOG COMPILER 
NEW! 
FASTER THAN EVER! 
DeSmet C v3.0 


FASTER C DEVELOPMENT 


Edinburgh Prolog language, Compiled speed, 
Interpreted flexibilty in a full Development 
Environment for IBM PC, PC-AT. 


o Over 150 predicates (including univ, call, arg etc.) 

o Floating point, strings and database types. DCGs. 

o Complete file I/O. Total screen control. Dos and Bios calls. 
o Programmable Window System. Window Based Debugger. 
o Compiler, Interpreter, Online Help, Error Handling. 

o Garbage Collection, Dynamic Code Loader, Linker. 

o Generate and distribute applications - no royalties. 

o Needs 384K, DOS 2.0 or later. 


Invoke the DeSmet C compiler from the SEE'™ full screen editor and 
the first error will return you immediately to SEE at the error line with 
the error message displayed. 


FASTER COMPILATION 


When you don't use inline assembly code or don't want to see the 
ASM88 output, the V3.0 compiler produces object code directly - 
making DeSmet C up to twice as fast as before. 


PLUS EXPANDED STANDARD LIBRARY 
Many documented sample Prolog programs. 


User and Reference manuals. All for $200! 


Networking, path, file, time, enhanced string functions, environment 
support now included. 


FULL FEATURES WITH EVERY PACKAGE 


o Learn Prolog with the standalone Cogent 
— ONLY $109 —— 


Prolog Interpreter - Only $79 


C Compiler, Assembler, Binder, Librarian, Execution Profiler, Overlays, 
8087 and S/W Floating Point, Full STDIO Library and Full Screen Editor 


o Prolog Compiler ToolBox - Interfaces, (SEE). 


Expert System Shells, ++ ! Only $79 


a... ent Software, Ltd. 


21 William J. Hts., Framingham, MA 01701 
(617)-875-6553 
(Please add $5 Shipping. Mass. residents add 5% sales tax). 
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Debugger and Large Case options available at $50 each. 


C Ware Corporation 
P.O. Box 428, Paso Robles, CA 93447 USA 
Telephone: (805) 239-4620 Telex: 358185 
We accept VISA, MC & AMEX. Call now and we'll ship today. 
Street Address: 945 Spring #14, Paso Robles, CA 93446 


YOUR OWN C PROGRAMS 
AN ENIGMA? 


eo LET ELGAR SOLVE THE RIDDLES 


RTC: PLUS. 


FORTRAN/RATFOR TO C TRANSLATOR* 


RTC Plus supports stan- Se 
dard FORTRAN-77 as well x 
as some DEC VAX ex- 

tensions (excluding 

FORTRAN I/O, character 

and complex statements/ 


ELGAR is the cross reference program you 
need to do serious C programming 


[=] Maximize the vast re- 
sources of FORTRAN 
while moving up to C. 
Speed up new C devel- 
opment and avoid re- 
inventing the wheel. 


-Cross reference several files 

to make one large table 

-No need to reanalyze all files 
when only one file has changed 


Use RTC Plus to translate 
FORTRAN code and librar- 
ies — and maintain code 
with greater ease and 
flexibility in C. 

Source code to C librar- 
ies is included. 


expressions). Over 95% of 
STUG’s RATFOR is sup- 
ported. The Translator 
generates K&R C. 

Finally a cost-effective 
method of conversion into 
Cc. 


DEMO $10 
MS-DOS $450 


*Translate: “To convey to heaven without natural death.” 


COBALT BLUE 


1683 MILROY, SUITE 101, SAN JOSE, CA 95124 


408-723-0474 


CIRCLE 14 ON READER SERVICE CARD 


-Shows references by name, 
procedure, line number, and file 
-Optional cross reference of constants 
-Print the entire table or all references 
for any name 


Available for IBM PC or Atari 420 from 


ANDANTE SOFTWARE 
900 W. 14th St. Suite10 
San Pedro, Calif. 90731 


Only $39.95—No copy protection 
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MetaWINDOW 


“Product of the Month" 
",. a technological tour de 
force for fast PC graphics." 


NO ROYALTIES! 


MetaWINDOW provides an expand- 
ed set of graphic drawing functions, 
plus the added functionality and 
performance required for designing 
multi-window desktop applications. 


¢ auto-cursor tracking 
* pull-down menus 
* pop-up windows 


* comprehensive 
graphic functions 


10 Point 12 Point 
Bold —_Jialic 


¢ multiple fonts 


¢ Display multiple bitmap or 
"tilled-outline" fonts. 

¢ Face fonts for bold, italic, under- 
line or strike-out stylings. 

e Full "RasterOp" transfer 
functions for writing, erasing, 
rubberbanding or dragging: 
lines, text, icons, bit images 
and complex objects. 

° Create pop-up menus, 
windows and icons. 

¢ Supports IBM's new PS/2 VGA 
and MCGA graphics. 


example, to perform a GET <=, just 
write a function that does a GET >=, 
checks the returned key, and, if it is not 
equal to the search key, performs a GET 
PREVIOUS. To perform a GET <, sim- 
ply call GET >= followed by GET 
PREVIOUS. 

Considering the price difference be- 
tween BTree & ISAM and the other 
packages, writing a few simple functions 
might be worth your trouble, and some 
provided functions may save you time 
compared to the other packages. For ex- 
ample, you can create and build addi- 
tional indexes with a single function call 
and delete indexes with another call. 

BTree & ISAM provides limited in- 
tegrity features. Although the package 
cannot be directly configured for auto- 
matic write-through, you can turn off the 
cache system, and functions that flush all 
information to disk are provided. 

You can implement write-through by 
calling a flush function every time a 
change is made to the data base. This 
approach would limit opportunities to 
corrupt the data base to a system crash 
at the moment data or indexes were be- 
ing flushed. However, should such a 
crash occur, no utilities or functions are 
provided for rebuilding a corrupt data 
base, so you'll have to be careful about 
backups. 

BTree & ISAM supports variable- 
length records with 10 functions that are 
similar to the low-level B-tree functions. 
Although the documentation states that 
you can use any length, I suspect there is 
a 64K limit. 

The variable-length functions create 
two files: one holds the data and one con- 
tains lists of pointers to active and de- 
leted records. While it is possible tc use 
variable-length files with the other li- 
brary functions so you can use indexes, 
no examples are given and the documen- 
tation does not discuss how to accom- 
plish this. However, the low-level 
function for inserting keys into indexes 
accepts a key value and a record number 
and variable-length records are retrieved 
by number. Simply build an index giving 
the variable-length record’s key and posi- 
tion as arguments. 

The manual also states that you can 
store two or more different types of 
fixed-length records in a variable-length 
file, but again does not describe how to 
do this and maintain indexes. I assume 
you would use the approach just dis- 
cussed except you would build an index 
for each record type. 

BTree & ISAM has more limitations 
than the other two packages. The num- 
ber of open files is restricted to operating 
system limits. But 99 files should be suf- 
ficient for most single-user PC-DOS ap- 
plications. Also, binary and null keys are 
not supported. Granted, it presents no 
great problem to convert integer data to 
strings and back in C, but it would be 


simpler and more efficient if the package 
supported binary keys. You'll have to de- 
cide if you can live without null keys. 
However, it appears that keys can be of 
any length and any number of segments, 
although I did not perform tests to verify 
this. 

BTree & ISAM comes with several 
extra source files. The source code for 
example and test programs and the li- 
brary functions is clearly and sometimes 
amusingly commented. The extra files in- 
clude various test programs to be sure 
your compiler is properly configured and 
the functions are working properly, a 
good example that implements a name 
and address program, and a utility for 
creating B-tree files from flat files and 
vice versa. 

As a bonus, Softfocus includes a sim- 
ple data input module and a set of seven 
screen-handling functions that work with 
ANSLSYS. The name and address pro- 
gram shows how to use these modules to 
build an input screen and get data from 
the user. 

Although I rate BTree & ISAM’s doc- 
umentation as fair, you won’t have any 
trouble using it. The manual is technical- 
ly complete and well organized. Func- 
tions are segregated into high-level, low- 
level, and variable-length, which makes 
individual function descriptions easier to 
find. The descriptions are complete, but 
you'll have to go to the source files for 
example code segments. Inclusion of an 
explanation of ISAM and B-trees is a 


nice touch. But while the discussion of B= 


trees is correct and informative, several 
figures are in error and could be 
misleading. 

Error messages are not included in the 
manual. However, BTree & ISAM has a 
function that returns a full error message 
instead of a code. This function is conve- 
nient for development because you can 
read messages on the screen instead of 
looking them up. 

Although the manual has no table of 
contents or index—this problem has sup- 
posedly been remedied in the new ver- 
sion—it is sufficiently brief and well 
organized that you can get by without 
them. However, a discussion of how to 
use variable-length records with indexes, 
a quick reference card, and a make file 
would be welcome additions. 

Softfocus’s technical support gets high 
marks. There is no yearly fee for up- 
dates; just send $25 and Softfocus will 
send you the new version. Telephone sup- 
port is free, prompt, polite, and knowl- 
edgeable. I called five times and never 
got a busy signal. And the person who 
answered my questions also wrote the 
code. You can’t get more direct support. 

BTree & ISAM was by far the sim- 
plest package to use with my test pro- 
grams. It took me less than half the time 


to get them up and running than with 
the other packages (in part because there 
are fewer choices). Although BTree & 
ISAM is relatively simple compared to 
the other packages, this offers an advan- 
tage in the time taken to get up to speed. 

BTree & ISAM is also relatively inex- 
pensive. While you may have to do a lit- 
tle more work up front to build more 
complex functions, BTree & ISAM of- 
fers all the basic functions and features 
you should need for many applications. 

Update: Softfocus started shipping a 
new single-user version and a separate 
multiuser version in mid-June. Unfortu- 
nately, I did not receive copies of the new 
releases in time for this review. 


SoftCraft 

Btrieve v. 4.04 

SoftCraft’s Btrieve uses a different ap- 
proach than c-tree or BTree & ISAM. 
Rather than a C library, Btrieve consists 
of an executable file which loads before 
the application and handles all opera- 
tions and a single access function that 
provides an interface to the executable. 
All operations are carried out by varying 
the arguments of the access function. 

This approach has advantages, espe- 
cially if you write in several languages. 
Adapting the other two packages to work 
with anything but C would be a signifi- 
cant undertaking. In addition to C inter- 
faces for Microsoft, Lattice, DeSmet, 
Computer Innovations, and Mark Wil- 
liams, Btrieve comes with interfaces for a 
host of other languages: IBM, Texas In- 
struments, and generic BASIC (inter- 
preted and compiled); Microsoft Quick 
BASIC; Digital Research CB-86; Micro- 
soft Pascal, Software Building Block 
(SBB) Pascal, and Borland Internation- 
al’s Turbo Pascal; IBM, Microsoft, mbp, 
Micro Focus, Realia, and Ryan-McFar- 
land COBOL; Microsoft FORTRAN; 
Logitech Modula-2/86; and STSC 
APL* PLUS. 

If you can’t find your language and 
compiler combination in this list, devel- 
oping an interface shouldn’t be too much 
trouble. Source code is provided for most 
interfaces and can be used as a model. 

When you load Btrieve you can specify 
options, including cache size, transaction 
file name, preimage file drive and buffer 
size, index compression, and maximum 
number of open files. Or you can use 
Btrieve’s defaults (some developers might 
appreciate an option to turn off the dis- 
play of Btrieve’s banner). 

Btrieve remains in memory until it is 
unloaded by an application or Butil, a 
Btrieve utility program. This allows 
switching applications without reloading 
Btrieve. I tried loading Btrieve on top of 
two device drivers and five memory-resi- 
dent programs, including Borland’s Side- 
Kick and Logitech’s mouse programs. 
All the programs worked perfectly. 

The access function, BTRV, requires 


FINALLY! 


EASYFLOW 


A’ on-screen flowchart processor that knows about flowcharts - not just 

Ae “screen draw’’ program that makes you do most of the work. 
EASYFLOW is a powerful full-screen graphics program dedicated to flowcharts 
and organization charts. With it you can quickly compose charts. More 
important, you can easily modify charts so they are always up to date. 


> Automatic: fully automatic text centering within shapes, both horizontally and 

> vertically. Fully automatic line routing. 

> Fast: written in assembly language for speed. 

> Large: Charts up to 417 columns wide by 225 lines high. Chart too large for your 
printer? EasyFLow automatically breaks the chart up & prints it in page size pieces. 

> Standard: All standard flowcharting shapes included. Custom shapes can be ordered. 

> User friendly: Don’t take our word for it. PC Magazine* says ‘‘EAsyFLow lives 
up to its name. It’s hard to imagine any easier and more flexible way to produce 
basic and even complex flowcharts”’. 

> It prints: on most popular matrix printers including IBM, Epson, Toshiba, HP 
LaserJet, LaserJet-Plus and many others. 

> It plots: on HP7475 and compatible plotters. 

> It works: we are contractually prevented from mentioning the name of the ‘‘big 
eight’ accounting firm that purchased a world-wide site license, but we can tell 
you that they spent months evaluating all available flowcharting packages before 
settling on EasyFLow. 

> Rush delivery: Order by noon today (eastern time) and we'll have it to you by 


courier tomorrow**. Rush delivery charge is $15.00 (instead of $2.00) and is 
available only in USA & Canada. 


> Documented: (100+ page) manual and over 150 screens of context sensitive help. 


EASYFLow works on IBM PC’s and compatibles. Requires 320 K memory, DOS 2.0 
or higher and an IBM CGA, IBM EGA or Hercules monochrome adapter card. 
Order direct for only $149.95 + $2.00 S&H (USA/Canada), $10.00 (foreign). Payment 
by M.0., cheque, VISA, Mastercard or Company PO. 

* March 10, 1987 issue, page 278. 


** Rush orders are shipped by Purolator Courier and normally arrive the next business day to most locations. 
Remote destinations take longer. 


Madlroom™ Central files: 
sends to complete 
central files “Lost Order” 


by Sam form 


— > In addition to logging 


the complaint, the search 
unit copies the complaint 


Log Complaint 
for managers as vell- 


The chart fragment above was produced on an HP LaserJet-Plus and is actual size and 
unretouched. Publication quality charts like this can be produced using only minutes of preparation 
time and seconds of print time. 


HaventTree Software Limited Order Desk: 1-800-267-0668 
PO Box 1093-K Information: (613) 544-6035 ext. 46 
Thousand Island Park, NY 13692 Telefax(G3): (613) 544-9632 
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TRUE 


MULTITASKING 


With 
MultiDos Plus 
“multitasking for the IBM-PC.” 


Ideal for developing applications 
in process control, data acquisi- 
tion, communications, and other 
areas. Check these features which 
make MultiDos Plus an unbeat- 
able value. 


e Run up to 32 programs concur- 
rently. 

e Your software continues to run 
under DOS. No need to learn a 
new operating system. 

e Use the compilers you already 
have. Supports software written in 
most languages. 

© Operator commands to load/run 
programs, change priority, check 
program status, abort/suspend/ 
resume programs. 

© Programmatic interface via INT 15H 
for the following. 

* Intertask message communica- 
tion. Send/receive/check mes- 
sage present on 64 message 


queues. 

* Task control by means of 
semaphores. Get/release/check 
semaphores. 

* Change priority-256 priority 
levels. 

* Suspend task for specified 
interval. 


* Spawn and terminate external 
and internal tasks. 

* Disable/enable multitasking. 
* and more! 

e Independent foreground /back- 
ground displays. 

e Access to DOS while applications 
are running. 


Hardware/Software Requirements 


IBM PC/XT/AT or true clone. Enough 
memory to hold MultiDos Plus (48 
KB) and all your application programs. 
Also may need 4 or 16 KB memory 
for “‘hidden screens'’ for each active 
task. MS-DOS (or PC-DOS) 2.0 or 
later operating system. 


only: $24.95 OR 
$99.95 


with source code 


Outside USA add $5.00 shipping and handling. 


Visa and Mastercard orders only call 
toll-free: 1-800-872-4566, ext. 350., or 
send check or money order to: 


NANOSOFT 


13 Westfield Rd, Natick, MA 01760 


MA orders add 5% sales tax. 
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six arguments: an operation code, a buff- 
er for positioning information, a data 
buffer, the data buffer’s length, a key 
buffer, and the key number. In general, 
this approach simplifies writing code be- 
cause you only have to remember one 
function and set of arguments. However, 
sometimes you have to be careful with 
the arguments. 

For example, the GET POSITION 
call returns a record’s physical position 
as a long in the data buffer. The buffer 
would typically be a record structure. 
With C, you can use a union to hold 
both. 

Btrieve supports 30 operations, which 
are specified by BTRV’s first argument. 
Variations on some operations are imple- 
mented by adding a constant to the argu- 
ment. For example, adding 50 to the op 
codes for the nine get-by-key operations 
instructs Btrieve to retrieve the key only. 

The major difference between Btrieve 
and the other two packages is that 
Btrieve does not supply low-level func- 
tions; for example, functions that modify 
an index without modifying the associat- 
ed data records. Btrieve provides a full 
selection of high-level functions that op- 
erate on both data and indexes. 

While Btrieve imposes more limits 
than c-tree, they are not severe enough to 
cause problems for most applications. 
Specifically, for any single file the num- 
ber of defined keys plus the number of 
key segments must total 24 or less. 
String keys are limited to 255. Float and 
double keys are not supported, although 
duplicate binary keys require no special 
considerations as they do in c-tree. Vari- 
able-length records are limited to 64K, 
and keys must reside in the nonvariable 
portion of such records. Also, you are 
limited to a mere 255 open files. 

If you want maximum insurance 
against corrupting your files, Btrieve of- 
fers many features that can be built into 
your applications. For example, you can 
do related operations inside transaction 
blocks. Btrieve stores a copy of all such 
operations in a transaction file. If a 
transaction is interrupted, Btrieve uses 
the file to automatically restore the data 
base to its state prior to initiation of the 
transaction. 

Btrieve also uses a preimage file to re- 
store the data base if any single oper- 
ation is interrupted. Btrieve writes all 
changes to the preimage file before it 
writes them to the data file. If the oper- 
ation is interrupted before Btrieve starts 
modifying the data file, you can simply 
reexecute the operation. If the operation 
is interrupted while the data file is being 
altered, Btrieve uses the preimage file to 
restore the data file to the state it would 
have been in had the operation been car- 
ried out. 

You can limit access to a data file by 
assigning it a user name. Btrieve won’t 
open the file unless it gets the right 


name. As an option, Btrieve will also en- 
crypt the data using the name as an en- 
cryption key. 

You can open files in verify mode, 
which tells Btrieve to invoke the DOS 
verify function for each write operation. 
Finally, if you don’t want the user to be 
able to change a key’s value, you can 
specify that a key is not modifiable as 
part of its definition. 

Btrieve comes with two other pro- 
grams, Butil (already mentioned) and B. 
Butil, a stand-alone utility, supports cre- 
ating files, copying data from an existing 
file into a new file with redefined key 
characteristics, extending existing files 
across two logical drives, creating an ad- 
ditional index file based on new key 
characteristics, loading data from and 
dumping it to flat files, recovering da- 
maged files, reporting statistics on a file 
including key descriptions, and removing 
Btrieve from memory. 

The ability to extend a file across two 
logical drives is an unusual feature that 
might prove useful with floppy-based sys- 
tems and possibly massive data bases on 
systems with multiple hard disks. You 
can also perform all the utility functions 
from within an application. 

B is a function executor that lets you 
execute Btrieve functions with existing 
files without any programming. It is a 
helpful learning tool and might prove 
useful for some debugging chores. 

If you need to support multiuser envi- 


ronments, you'll need to buy Btrieve/N _ 


for $595. SoftCraft sells four separate 
versions that support DOS 3.1 networks, 
including Novell’s Advanced Netware, 
IBM’s PC Network, XENIX V and win- 
dowing environments such as IBM’s Top- 
View and Microsoft’s Windows. 
According to SoftCraft, Btrieve/N (ex- 
cept the XENIX version) can also be 
used for developing single-user applica- 
tions under DOS, so you don’t need to 
buy both Btrieve and Btrieve/N. 

Btrieve provides flexible support for 
multiuser and networking systems. You 
can use file locking, record locking, or a 
passive approach. File locks do not allow 
reading or writing; record locks allow the 
reading of locked records. 

You can specify wait or no-wait locks. 
With wait locks, Btrieve will not return 
control to an application requesting a 
locked file or record until the lock is 
freed. With no-wait locks, Btrieve re- 
turns control immediately with a status 
code indicating the information was 
locked. 

File locking is enabled automatically 
and only when a file is accessed inside a 
transaction. Record locks are invoked by 
adding a constant to the various GET 
function op codes. With the passive ap- 
proach, if a record changes between the 
time a user reads the record and then 


tries to update it, Btrieve returns a status 
code indicating this condition instead of 
updating the record. The user must rer- 
ead the record before it can be updated. 

SoftCraft sells two companion pro- 
grams, Xtrieve ($245 for single user, 
$595 for multiuser) and the Report Op- 
tion ($145 for single user, $345 for mul- 
tiuser). According to SoftCraft, Xtrieve 
provides a stand-alone, menu-driven 
front-end for Btrieve that supports virtu- 
al fields and allows relational models 
with Btrieve data files. The Report Op- 
tion installs in Xtrieve to support format- 
ted reports, which can include 
calculations on data. 

The multiuser versions of Xtrieve and 
the Report Option work with any version 
of Btrieve/N. You do not need separate 
versions for different multiuser 
environments. 

Btrieve’s manual is complete and well 
written. However, it is somewhat cum- 
bersome because of Btrieve’s support of 
multiple languages. Unfortunately, at 
least for C programmers, examples that 
accompany function descriptions are in 
BASIC. Examples for Pascal, COBOL, 
and C are in appendixes. Therefore, you 
may have your fingers stuck in several 
places in the manual to flip back and 
forth between, for example, the descrip- 
tion of key types, the create function, 
and the C example for the create func- 
tion. The documentation could also profit 
from a quick reference card. 

Btrieve’s support includes an update 
service for $50 per year or individual up- 
dates for $15 (disk only), a bulletin 
board system, and telephone support. 

While Btrieve’s technical support was 
courteous and knowledgeable, I did have 
one problem. Four of the five times I 
called SoftCraft I was informed that all 
support lines were busy. Two of my calls 
were returned, three hours and within 
the hour, respectively. I didn’t leave a 
message the other two times. 

Although telephone support is free for 
the first 30 days, I would have a real 
problem with frequently waiting for a re- 
turn call if I elected to continue support 
for $150 year—especially when many 
software vendors provide unlimited tele- 
phone support at no charge. 

J had little trouble getting my test ap- 
plications to run with Btrieve. Btrieve is 
a mature, full-featured package that im- 
plements all necessary functions for most 
applications. It offers a real advantage 
for developers who want to use the same 
tools for multiple languages. SoftCraft 
has done a superb job of implementing 
features to protect the integrity of your 
data base. 


FairCom 

c-tree v. 4.1, release F 

FairCom’s c-tree is easily the most versa- 
tile and complex package I reviewed. No 
less than 63 functions allow practically 


NEW LANGUAGE RETROFITS 
\ APPLICATION SOFTWARE 
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THE WEINER SHELL 
Get Room to Grow 


@ Users can add their own functions to C, BASIC, PASCAL, LOTUS, 
WORDSTAR, dBASE & most other programs on the market. 


© Custom-design memory-resident windows, menus, screens & 
utilities. 


@ Run Shell programs without leaving your application. 


@ Execute Shell programs automatically, at timed intervals, or with 
user-defined hot keys. 


@ 50K memory required. Supports up to 8M bytes of Lotus-Intel 
memory. 


@ $199 (includes limited no-royalty agreement). 


THE FIRST MEMORY-RESIDENT 
PROGRAMMING LANGUAGE 


Sar GRYPHOX:, 
MICROpROOUCTS 


P.O. Box 4104/Silver Spring, MD 20904/(301) 384-6868 
CIRCLE 26 ON READER SERVICE CARD 


e Fast, EMACS-style commands—completely reconfigurable 
e Run other programs without stopping Epsilon—concurrently! 
e C Language support—fix errors while your compiler runs 
e Powerful extension language _e Great on-line help system 
e Multiple windows, files 
e Unlimited file size, line length Supports large displays 
e 30 day money-back guarantee e Not copy protected 


e Regular Expression search 


Only $195 
LUGaor~u 


Software Ltd. (4 


5740 Darlington Road 
Pittsburgh, PA 15217 
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anything you’ve ever thought about doing 
with B-trees—and quite a few things you 
probably haven’t thought of. If you want 
maximum flexibility, it’s hard to imagine 
having much more than this package 
offers. 

For example, c-tree supplies 10 func- 
tions that allow you to create, open, and 
close files in three different ways. You 
can use simple function calls with argu- 
ments that specify file characteristics to 
create index and data files separately. 
You can use an editor or a supplied util- 
ity to build a parameter file describing 
the data and index files. A set of func- 


tions uses this file for creating, opening, 
and closing all your B-tree files 
simultaneously. 

You can also include incremental 
structures containing file and key de- 
scriptions in your program. A second set 
of functions handles this method. You 
can specify multiple indexes in the same 
physical file, separate files for each in- 
dex, or a combination of both. 

Many other functions provide extra 
flexibility. For example, c-tree’s ADD- 
KEY{() allows you to specify whether you 
want normal node splitting or uneven 
splitting to build more compact trees 


Complete C Programs 
in Half the Time, 
with Instant-C™ 


Instant-C helps you create a working, well-tested program faster than- 
any other interactive C development system. Much faster than traditional 
compilers, linkers, and debuggers. 


ard to believe? Here's how we do it. 

Because Jnstant-C is a high-per- 
formance interpreter there are no com- 
pile or link delays. Change your program, 
then test it immediately. No matter how 
large your program, the turnaround time 
is just seconds. 

“Instant-C means instant gratification.’ —PC 

Magazine, Editor’s Choice for best C interpreter. 

10/29/85 

Time after time, the Instant-C prompt was 

starting back just barely after pressing Enter” — 

BC lech Journal ci SOO ST Tie 
Source-level debugging saves your time. 
- set any number of conditional 

breakpoints in your program; 

- stop execution from keyboard; 
- single-step by source statement; 


- examine and change variables or 
code, and continue execution; 


- execute any statement or function 
directly for instant testing; 


- display source code back-traces; 
- source code animation; 
- monitor data changes; 


- full-screen and multi-screen support, 
even with non-standard graphics 
devices. 


“The resulting debugging and testing 
capabilities are fantastic and the detailed 
trace/debug/display commands make it easy. — 
The C Journal, 5/85 


Run-time checking stops your program 
as soon as errors occur, when bugs are 
easiest to understand and fix. 


- pointer references checked for 
reasonableness; 


- array indexes checked within 
declared bounds. 


ry 


Not only does Instant-C help you quickly 
change, test, check and debug your code, 
but it runs your program faster than any 
other C interpreter. Fifty to 500 times 
faster! Fast enough for rea/ programs, 
even fast enough for real-time programs. 


“It is much faster than any of the other products 
mentioned and was the only one able to 
complete the standard SIEVE in a reasonable 
time. Clearly, this high speed allows much more 
complex problems to be attacked with Instant-C 
than with any of the other products 
discussed.” — Computer Language, 2/86 


Immediate feedback and more than 400 


diagnostics makes Jnstant-C great for 
learning C. Full K&R and the ability to 
link compiled object code and libraries 


(Lattice and Microsoft) makes Instant-C 
compatible with your existing programs. 


“When you get right down to it, I don't think 
there's a better way you could learn C’’-— 
Programmer's Journal, 3/85 
“Clearly, Instant-C is the performance 
champion.’ —PC Tech Journal, 5/86 


The bottom line for your business is in- 

creased productivity. The result for you is 

a job well done, and quickly. 
“We sincerely feel that Instant-C can have a 
major positive impact on programmer 
productivity” — Computer Language, 2/85 
“Instant-C by Rational Systems is a C 
programmer's dream.” —Micro/Systems Journal, 
3/86 


Version 2 is available for MS-DOS and 
PC-DOS, and comes with a full 31 day 
money back guarantee. /nstant-C is only 
$495. Order today! Call or write for full 
information. 


Rational PO. Box 480 


Natick, MA 01760 
Systems, Inc. (17) 653-6194 
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with presorted key additions. And ac- 
cessing data and index files is supported 
by 26 functions for retrieving keys and 
records and seven functions for inserting 


_and updating. 


c-tree also offers flexible key types. It 
supports binary, float, and double keys as 
well as strings. For strings, you can 
choose whether to compress duplicated 
leading characters, trailing characters, or 
both, and specify an alternate collating 
sequence. (I did not test key compression 
to determine its effects on performance 
or index file size.) 

You can also choose to automatically 
convert lowercase letters to uppercase in 
index files and reverse the order of bytes 
in a key before storing it. Reversing the 
order is required for duplicate binary 
keys because c-tree appends a 4-byte suf- 
fix. It allows c-tree to treat the binary 
key as a string key and compare key val- 
ues from left to right. This is a little 
cumbersome because you have to reverse 
the byte order in your search key and re- 
member to tell c-tree to ignore the suffix. 

c-tree also allows keys to correspond to 
variable-length fields. And, in the unlike- 
ly event that you need more flexibility, 
the documentation discusses how to cre- 
ate your own key types. 

Using c-tree, you can control the 
memory size for the I/O cache, node size 
in bytes, how many bytes to extend index 
and data files each time they grow, 
whether variable-length records and 
floating point keys are allowed, and 
whether new and updated records are 
immediately written to disk (automatic 
write-through). 

However, you must specify some of 
these parameters, including variable- 
length record support, floating point key 
support, and automatic write-through, 
when you compile the library. It would 
be handier if you could specify write- 
through at run time or at least at appli- 
cation compile time. 

It would also be nice if the package in- 
cluded a dosflush() function to flush op- 
erating system buffers to disk. While you 
can compile the library to use dosflush() 
automatically, you must supply the 
function. 

c-tree imposes few limitations. String 
keys can be of any length unless com- 
pression is enabled, which limits them to 
255 bytes. The number of key definitions 
and key segments for a data file is un- 
limited. Node size appears to be unlimit- 
ed within memory limitations. 

This package uses the concept of virtu- 
al files to allow any number of files to be 
open regardless of operating system re- 
strictions. If you open a file in virtual 
mode, c-tree will automatically open and 
close the file as needed without interven- 
tion from the application. While vari- 
able-length records are limited to 64K, 
this should not be a serious hindrance for 
most applications. 


Multiuser systems are supported in 
two ways: a file can be opened in shared 
or exclusive mode and you can lock index 
nodes and data records. All locks are 
write locks, so another user can read 
locked information unless the user also 
tries to lock the record at the same time. 
An application can determine if a record 
is locked by the return value from var- 
ious functions. 

c-tree includes locking routines for Mi- 
crosoft C and Lattice C under PC-DOS 
and for the UNIX V, XENIX V, 
MP/M, and Concurrent DOS operating 
systems. A generic routine is included for 
compilers that don’t support locking in 
their run-time libraries. 

c-tree’s locking routines are fairly 
complex. I suggest you contact FairCom 
if you have specific questions concerning 
other operating systems or networks. I 
did not have access to a multiuser system 
to test the locking functions. 

FairCom furnishes a test routine to 
verify that c-tree’s #defines are properly 
configured for your compiler. Also pro- 
vided are utilities to convert old files to 
the current version, build parameter files 
for subsequent B-tree file creation, re- 
build damaged files created with param- 
eter files (incremental rebuilds are 
handled by a library function), physical- 
ly compact data and index files, create 
B-tree files from flat files, and verify that 
you’re using the proper offset for key 
segments. FairCom provides these utili- 
ties as source code, so you can adapt 
them for inclusion in your applications. 

c-tree also comes with two good exam- 
ple applications that implement a simple 
customer data base using fixed- and vari- 
able-length records. 

My copy of c-tree came with several 
configuration files for various compilers, 
including Microsoft, Computer Innova- 
tions, DeSmet, Lattice, Mark Williams, 
Manx Aztec, UNIX v. 3.0, and XENIX 
vy. 2.0 on the PC; Manx Aztec, Consulair, 
and Megamax on the Macintosh; AT&T 
UNIX V 2.0 on the 3B2; and Manx Az- 
tec for CP/M-80. You should be able to 
configure the package for most other 
compilers without too much trouble. 
FairCom claims c-tree has been ported 
to about 150 compilers and operating en- 
vironments, including various minicom- 
puters, and they offer a free support 
contract to anyone who ports c-tree to a 
new environment. 

c-tree’s documentation includes a 
quick reference card with information 
such as function descriptions, key types, 
error codes, and parameters. An example 
make file required virtually no editing to 
use with Microsoft's MAKE utility. 
That’s a nice touch, since the library uses 
23 source files and 11 include files. 

The manual is complete and fairly well 
organized. Function descriptions include 
an adequate discussion; all return values 


with explanations and an example code 
segment. The manual also provides de- 
tailed technical information, including 
file and control information formats. 

However, as always, there is room for 
improvement. An introductory chapter 
explaining c-tree’s terminology and how 
it relates to functions—for example, ex- 
actly what an incremental ISAM file is 
and which functions work with it—would 
be helpful. Some of the text could be 
written more clearly. 

The index also needs work. For exam- 
ple, it does not list update record or de- 


lete record, both of which you might 
want to find out how to do. Finally, the 
source code would profit from a few 
more comments. While the example pro- 
grams and include files are clearly com- 
mented, the assumption for the library 
seems to be that since you’re not sup- 
posed to change it, you don’t need 
comments. 

FairCom is serious about support. I 
called five times and met only one busy 
signal. Courteous, knowledgeable support 
people answer the phone—no receptionist 
asking for serial numbers here. They also 
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UNDER THREE MINUTES. 
GUARANTEED. 


T hat's right. Saywhat, the lightning-fast screen 
generator, lets you build beautiful, elaborate, 
color-coded screens in minutes! We're talking 
about incredible screens for menus, data entry, 
data display, and help-panels that can all be dis- 
played with as little as one line of code in any 
language. Even batch files. 

With Saywhat, what you see is exactly 
what you get. And response time is snappy and 
crisp, the way you like it. That means screens 
pop up instantly, whenever and wherever you 
want them. 


THE PERFECT TOOL FOR PROGRAMMERS. 


Whether you're a novice programmer long- 
ing for simplicity, or a seasoned pro searchin 
for higher productivity, you owe it to anne to 
check out the all-new Version 3.6 of Saywhat. It 
offers full monochrome emulation and lets you 
build your own elegant, moving bar menus into 
any screen. (They-Wwork like magic in any 
application, with just one line of code!) You can 
also combine your screens into powerful screen 
libraries. And Saywhat'’s remarkable VIDPOP 
utility gives all languages running under PC/MS- 
DOS, a whole new set of screen handling com- 
mands — languages like dBASE, Pascal, BASIC, 
C, Modula-2, FORTRAN, and COBOL. (You can 
make VIDPOP resident and available at all times, 


MONEY-BACK GUARANTEE 
If you aren’t completely delighted with 
Saywhat, return it within 30 days for a 
prompt, friendly refund. 


or run it non-resident, transparently, with your 
favorite application). 

With Saywhat we also include a bunch of 
terrific utilities, sample screens, sample programs, 
and truly outstanding technical support, all at 
no extra cost (Comprehensive manual included. 
Not copy protected. No licensing fee). 


ORDER NOW. YOU RISK NOTHING. 


Thousands of satisfied users already know 
that Saywhat can make screen design and pro- 
gramming a pleasure, not a chore. Why not call 
toll-free, right now and put Saywhat to the test 
yourself? The next time you sit down to create 
a screen, we guarantee 
you'll be glad you did. 


$49.95 


(Plus $5 shipping and handling) 


rT a) =| 
@ | wantto try your lightning-fast screen generator To order: 
so send me copies of Saywhat ($49.95 plus Call toll-free 
| $5 shipping and handling) subject to your money-back guarantee. 800-468-9273 | 
Name In California: 
J scares 800-231-7849 I 
In Canada 
[ City State Zip 800-663-9361 
CCheck enclosed OShipC.O.D. CCredit card Llsietaleet | 
415-571-5019 
| o Exp. date The Research Group . | 
a e 88 South Linden Ave. 
Signature South San Francisco, CA 94080 
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have a quarterly users’ newsletter and 
free hard copy updates of the current 
version. 

However, if you want disk updates for 
the current version, or new versions (such 
as v. 4.2 vs. v. 4.1), you’ll have to pur- 
chase a maintenance agreement for 
$100/year—unless, of course, you port c- 
tree to a new environment. 

FairCom also offers r-tree, a report 
generator for c-tree. Although I received 
only the documentation for r-tree, it ap- 
pears to be a sophisticated package for 
generating custom reports. You write a 
simple driver in C that sets up c-tree, 
asks for a report script or description, 
and calls report(). 

The report function generates reports 
from a script. Scripts can be ASCII text 
files for easy editing, compiled files that 
preclude editing, or memory buffers built 
by your application from user input. The 
script specifies search parameters and 
the report format. You can join files, link 
files in a hierarchy; create virtual fields, 
and accumulate values to display subto- 
tals and totals. 

FairCom has put a lot of effort into 
supplying developers a complete B-tree 
library. c-tree is well thought out and 


HELP 


HELP/Popup and our help screen compiler. 


Realia) and assembler. 


New options with release 1.20: 


HELP/Control source file. 


° Include graphics in your help screens. 


e Mouse support. 


MDS, INC., P.O. 


BOX 1237, 


well implemented. If you need maximum 
flexibility and source code, c-tree has lots 
to offer. 

However, be prepared to spend some 
time and a few phone calls to get up to 
speed. It took me longer to get my test 
programs running than with the other 
two packages, mainly because I had to 
find the right function out of two or 
three possibilities for each operation. 


Final comparisons 

While I tested these packages on a nec- 
essarily limited basis, all appear to per- 
form as advertised. And any of them 
should save you a significant amount of 
work if you need to include B-tree index- 
ing in your applications. 

Deciding which to buy is a matter of 
individual requirements—and your pock- 
et book. c-tree is easily the most flexible 
and provides nearly every imaginable 
function. However, it is also the most 
complex and expensive. 

Btrieve is full-featured and simpler to 
use. If you require maximum insurance 
against data corruption, it has a lot to of- 
fer. If you need support for other lan- 
guages in addition to C, it is the clear 
choice. 


is at hand 


HELP/Control™ — an on-line help system for the IBM-PC. HELP/Control includes HELP/Runtime, 


With HELP/Runtime, a few simple subroutine calls add context sensitive on-line help to your 
application. HELP/Runtime includes tested interfaces for C (Microsoft and Lattice), Pascal 
(Microsoft and Turbo), IBM BASIC (Interpreter and Compiler), Microsoft FORTRAN, COBOL (IBM and 


Use our concise screen definition language to build your help files. You define the bold captions on 
your help screens and specify the links to other screens. If you have existing.documentation files, we 
supply a program which automatically marks them up to get on-line quickly. You can put an entire 
user or reference manual on-line, completely accessible to the user at all times. 


HELP/Control also includes HELP/Popup, which provides memory resident access to your custom 

help screens. Use it to document dBase and 123 applications. HELP/Popup uses the same help files 

as HELP/Runtime and operates the same from the user's point of view, allowing you to provide a 
- consistent on-line environment across diverse applications. ‘ 


The complete package (software, on-line manual, printed manual, and demo programs) costs 
$125.00 and includes a royalty-free license to add HELP/Runtime to your applications anda license 
to make 25 copies of HELP/Popup. A demonstration diskette, including the on-line manual, costs 
$15.00. To order, or for more information (including dealer, multiple-copy and site-license pricing) 
call MDS at 207/772-5436. We accept MasterCard and VISA. 


° Use Dan Bricklin’s Demo Program to build your help system. Our translator turns itinto a 


aid ig 


PORTLAND, MAINE 04104 
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BTree & ISAM doesn’t offer as many 
functions as the other two but includes 
all the basics. It is easy to learn and pro- 
gram with and offers good value, espe- 
cially if you have a limited software 
budget. 

If you write applications that use rec- 
ord-based data and have been looking for 
a way to pep up their performance, I 
hope I’ve given you enough information 
to at least point you in the right 
direction. | 
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B-tree products 


c-tree 

System requirements: Provided as 
source code, no specific requirements 
Price: $395 

Available from: FairCom 

4006 W. Broadway 

Columbia, Mo. 65203 

(314) 445-6833 Be 
Support: Free telephone support. Free 
hard copy updates for current version. 
Updates on disk for $100 per year 
($175 overseas). Free quarterly 
newsletter 


Biree & ISAM 

System requirements: Provided as 
source code, no specific requirements 
Price: Blree $75, ISAM $40 (multiuser, 
additional $60) 

Available from: Softfocus 

1343 Stanbury Dr. 

Oakville, Ont., Canada L6l 2)5 

(416) 825-0903 

Support: Free telephone support. Up- 
dates for $25 


Btrieve 

System requirements: IBM PC, XT, 
AT or compatible PC/MS-DOS 2.0 or 
later, 256K RAM 

Price: $245 single user/$595 multiuser 
and network versions 

Available from: SoftCraft Inc. 

P.O. Box 9802 #917 

Austin, Texas 78766 

(512) 346-8380 ° 
Support: Telephone support for 
$150/year, first 30 days free. Update 
service for $50/year or individual up- 
dates for $15 


A different twist on file managers 


I received POLYTRON’s Virtual 
Memory File Manager (VMFM) 
while I was writing the B-tree filing 
system reviews. Although it does not 
really fit in the review (it isn’t a B- 
tree tool kit), it does present an ap- 
proach to solving memory limitation 
problems that merits mentioning. 

VMEM does exactly what its title 
implies: provides virtual memory in 
the guise of data files. The package 
implements a cache system of multi- 
ple buffers that are handled automati- 
cally with a last-in/first-out 
algorithm. 

VMFM also provides functions to 
access data files via the cache. The 
cache buffers are allocated outside 
your application’s data space using 
DOS’s memory allocation/dealloca- 
tion functions. An application can, es- 
sentially, expand memory onto disk 
via the cache. And because you can 
specify the cache buffer size and the 
minimum and maximum number of 
buffers, you can build an application 
that takes advantage of systems with 
varying amounts of RAM. VMFM 
will keep allocating buffers up to 
available memory if you tell it to. 

VMFM comes with two basic mod- 
ules: a kernel and an interface to the 
Lattice C small model. Both are writ- 
ten in assembly language. The kernel 
provides all VMFM functions, which 
are callable from assembly language. 
The interface includes assembly lan- 
guage routines that allow calling ker- 
nel functions from Lattice C with 
standard function calls. 

The C interface consists of 22 func- 
tions for managing the cache and 
files, reading and writing information, 
managing file pointers, and searching 
for information. The search function 
supports 7-bit ASCII case-sensitive 
searches, 7-bit ASCII case-insensitive 
searches, and 8-bit searches. A com- 
parison function supports the same 
options. 

You can read and write specified 
numbers of bytes and read lines that 
terminate with CR, LF, CR LF, or a 
specified character. Another function 
essentially implements a memcpy() 
function for files. You can use it to 
copy blocks between files or within a 
file. Two other functions let you use 


the virtual file as a stack by pushing 
and popping information just as you 
would with a memory stack. 

You can create permanent or tem- 
porary virtual memory files. The way 
VMFM handles files, a temporary file 
may exist entirely in the cache and 
never be created on disk. This could 
improve performance for applications 
that use lots of small scratch files. 

Unfortunately, an interface for Mi- 
crosoft C is not provided. Adapting 
the Lattice interface assembly lan- 
guage source appears to require more 
time than I care to spend with a 
macrodssembler. However, POLY- 
TRON claims that it should be easy 
for experienced assembly language 
programmers who have a solid under- 
standing of the implementation de- 
tails of the language and an 
understanding of the nucleus func- 
tions to adapt the package to other 
languages using the Lattice interface 
source as an example. 

Because J don’t fit this description, 
I didn’t try to test VMFM. However, 
I look forward to giving it a try if 
POLYTRON decides to support 
Microsoft C. : 

If your application needs rapid ac- 
cess to data of an indeterminate size 
or data that often exceeds existing 
RAM (editors immediately come to 
mind), you might consider taking a 


closer look at VMFM. If it works as 


advertised, it should allow building 
applications that can handle very 
large data objects in limited RAM 
and provide a means to bypass small- 
memory model limitations. Its cache 
system should improve performance 
and save considerable work over de- 
veloping your own. 


eae 


POLYTRON 

Virtual Memory File Manager 
System requirements: IBM PC, 
XT, AT, or compatible PC/MS DOS v. 
2.0 or later 

Price: $199; kernel source $2,500 
(Language interface source provided) 
Available from: POLYTRON Corp., 
1815 N.W. 169th Place, Ste. 2110, 
Beaverton, Ore. 97006, (503) 645- 
1150 

Support: Free telephone support; 
updates for $50 


goodbye 
dBase! 


dBASE Programmers 


are 
you 


ready? 
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If you need it, 
and think you can 
handle it, dB2c is 
here now. 


dB2c Offers: 


° Complete implementation of dBASE III+ 
functions and commands in C source code. 

© Interfaces for Lattice’s dBC and Faircom’s 
c-tree 

® Complete source code. 

© Support for the following C Compilers: 
Microsoft, Lattice, Aztec, DeSmet, and Instant- 
Cc 

© The freedom and peace of mind that only 
source code can offer, 

© Use of familiar syntax while learning C. 

¢ Works on color, monochrome, and EGA 
monitors. 

© Versions available for MS-DOS, Xenix, Unix, 
OS-9 and Concurrent DOS. 


el $< Toolkit $299. 


Call or Write: 


SOFTWARE ° 
CONNECTION, INC. 
POB 712, Ely, MN 55731 
(218) 365-5097 
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Read what they’re saying about this 
popular program for prototyping and 
demo-making: 

“A winner right out of the start- 
ing gate. After you use DEMO 
once, you’ll wonder how you got 
along without it.”’ 

—PC Magazine 


“Everybody who writes soft- 
ware, either commercially or for 
in-house applications, should 
immediately order a copy. Period. 
No exceptions.” 

—Soft: letter 


Product of the Month 
—PC Tech Journal 


Thousands of developers and most 

of the largest and best known software 
companies are using this program. 
You can, too. Act now! 


The perfect companion to the Demo 
Program. The Tutorial helps you learn 
the ins and outs of its basic and ad- 
vanced features. Complete with a 96 
page manual containing step-by-step 
instructions, diskette, and function 
key template. 


Use 800-number for orders only. 
Questions, special shipping, etc., call 617-332-2240. 
No Purchase Orders. Massachusetts residents add 5% 
sales tax. Outside of the U.S.A., add $15.00. 
Requires 256K IBM PC/Compatible, DOS 2.0 or later. 
Supports Monochrome, Color Graphics, and EGA 
Adapters (text mode only). The Tutorial requires the 
Demo Program. 


SOFTWARE 
GARDEN, INC. 


Dept. L 
P.O. Box 373, Newton Highlands, MA 02161 
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Comparison tables 


Tables 1-7 compare various features 
of the three B-tree filing system pack- 
ages. Tables 1, 2, and 6 should be 
self-explanatory. 

Table 3 shows the key types each 
package supports. The category 
“Multiple keys” indicates whether 
you can define more than one key per 
data file. Segmented keys are built 
from two or more segments of the - 
data record, such as a single key com- 
posed of a zip code plus a customer 
name. Duplicate keys occur when two 
or more records have the same key. 
Null keys consist of a specific charac- 
ter—for example, all blanks. 

Null keys are not stored in the re- 
lated index. They are useful when key 
information is not available for a giv- 
en record. If available, the key should 
be unique. 

The category “Nonmodifiable 
keys” indicates whether you can 
specify that a key cannot be changed 


after it is inserted in an index. If th 
package supports variable-length : 
keys, it can compress duplicate char- 
acters at the start and end ofa key 
before storing it in an index. This fea-_ 
ture is useful with keys that end with 
varying numbers of blanks or start 

with a repetitive series of characters. 

With an alternate collating se- 
quence you can specify a sort order 
for string keys that differs from the 
default, which is a standard ascending 
sort for all packages. For example, 
you could use an alternate collating 
sequence if you didn’t want to distin- 
guish between upper- and lowercase 
ASCII characters. 

Finally, under “Key data types,” a 
binary key is a key that is compared 
from right to left. Binary key types in 
C include short, long, unsigned, and 
unsigned long. 

Table 4 should be clear except for 
the categories “Specify significant 


General information 
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“Size” gives the total size of lib or .exe/ .obj files required to implement all functions of the filing 
system, either as provided or compiled with Microsoft C y. 4.0 using the small model. 
See product discussions for descriptions of related software. 
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Key types and features 
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For Btrieve, the total of multiple keys plus key segments must be no more than 24. 


Table 2. 


me SECURI 


Add Fast or Thorough Encryption 
or Compression to Your Programs 
WITHOUT Royalties 


Build the safest and most popular methods of 
protecting your data directly into your program 
without paying royalties. Don’t worry if you’re 
not sure what to use. The discussion of security 
methods in the manual (with demos on disk) 
will help you make a choice based on your 
application. 

With Security Library you can: 

° Keep files secure on a multi-user network 

° Speed up data transmission and 
communications through data compression 

* Control access based on privileges given to a 
hard disk or LAN user 


“T create custom software for business 
applications. I’m using the Security Library to 
encrypt so that certain information will not be 
readily available. The documentation is 
excellent. It gives a thorough explanation about 
how you can secure a file.” 

— Bruce Philips, Custom Software Design 

Virginia Beach, CA 


Requires MSDOS 2.0+ . Works with Microsoft C and Computer Innovations” 
C86. Please specify compiler when you order. 


== LIBRARY. 


You Choose the Security Level 


Algorithms provided include The National 
Bureau of Standards’ Data Encryption Standard 
(DES) and the Vernam and Vegenere ciphers. 
Encrypt a 10K file in 3 seconds with one method 
or 50 seconds with another. 

Six algorithms are provided, along with 
password and non-password encryption 
schemes. 


Valuable Extras 


The Huffman coding routine can reduce the 
size of a file by 25 to 50%. The routine to change 
the attribute bytes of a file can make that file 
invulnerable to casual browsing or accidental 
deletion. There’s even a program to change 
every byte of a file to a null character - not 
even un-erase programs can recover it then! 


Call 800-821-2492 to order Security 
Library risk-free for only $125. Source 
& ee is $250. 


= Main Street, Suite 410L 
So. Weymouth, MA 02190 
(617) 337-6963 


CIRCLE 80 ON READER SERVICE CARD 


UNIX/C WINDOW DEVELOPMENT 
COMPATIBILITY with CURSES for MS-DOS. 
CALL NOW FOR M$ O$/2 


Buy the window development tool that Unix/C experts demand! 

Let the speed, versatility and ease of using Aspen Scientific’s Curses 
for MS-DOS improve your products’ user interface—all this plus Unix/Xenix 
source code compatibility for you, the serious developer..- 

Our Curses can do any job you require from a window tool. It will 
save you time, money, and your reputation. Our Curses blazes on IBM PC’s 
and compatibles, but is versatile enough to work under MS-Windows and on 
any personal computer running MS-DOS 2.0 and later. 

Look at a few of the applications our Curses is benefiting: 


Robotics 


Voice Recognition “J Aerospace 
-@ Telephone Switching Financial Engineering 
Environmental / Consulting “J Hobbyist 


Best product, greater flexibility. COMPUTER LANGUAGE 
ote 


nN Compilers: Microsoft, Turbo C, Aztec, 
FREE-FAST ‘ 


form development 
tool box with source 
code. Unix compatible. 
pee if you WD 
RIGHT NOW 
7 


wt 


Lattice, Let’s C, DeSmet, Datalight. 
Trademarks: MS-D¢ )S, MS-Windows 
(Microsoft); Unix (AT&T Bell Labs); Lattice 
(Lattice, Inc.); Aztec (Manx Software 
Systems); DeSmet (DeSmet Software); 
Turbo C (Borland, Inc.); Let’s C (Mark 
Williams Co.); Datalight (Datalight). 


oh 


ASPEN SCIENTIFIC 


P.O.BOX 72 WHEAT RIDGE, 
COLORADO 80034-0072 


(303) 423-8088 


ea 
Complete curses tool it L 19 : 
Source code available for: $289. 
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PMI is now the leading international 
supplier of tools for the language that 
developers of large projects prefer: 


MODULA:2 


Our Products Include: 


* Repertoire™: the largest and most 
successful library for M2. Includes 
display system for windows, forms, 
help, menus, etc. (MS Windows 
compatible); expression evaluation 
tools; DBMS with variable-length 
keyed records; text editor; extensive 
DOS & BIOS access; 330 page manual; 
full source code 


(Over GOOKS) ere eee $89 


NEW: VOICE INPUT 


* AVOS: a price breakthrough in voice- 
recognition subsystems, complete with 
expansion board, all necessary 
hardware, and full Modula-2 source 
code (including Repertoire); 
Comprehends Continuous Speech; 
telephone interface available; free 
AVOS manual provides 
historic opportunity to learn. 2200 


* EmsStorage: high-level storage module 
with full garbage collection and MS 
Windows-like memory management; 


uses LIM expanded memory pe 


if present, DOS memory if not. 49 


* Graphix: the only Modula interface to 
MetaWINDOW, the professional 
graphics system PCTJ named 7/85 
Product of the Month; includes full 
MetaWINDOW 


packagers nrtruncs creas seen § I 49 


* ModBase: a B+Tree DBMS that uses a 
file format compatible with Ashton- 
Tate's dBase III. 

Includes full source code....... $89 


* Macro2: a macro preprocessor for 
Modula-2; provides inline expansion of 


functions, include files, conditional 
compilation, etc. 

With fulllisource> 524-0. « $89 
object-coderonlyin smerny eles 549 


All available exclusively from PMI, 
dealer inquiries welcome. Full 
documentation for all products 

available free of charge. 


eo 


AMEX/COD/PO 
4536 SE 50th BIX: pmi 


Portland, OR 97206 CIS: 74706,262 
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(503) 777-8844 


to rebuild the data base if the session base within the transaction, all 
terminates abnormally. changes are made. Note that you 
could write routines to support pre- 
imaging files and transaction sets if 


_ bytes in key” and “Get by file posi- 
tion.” Specifying significant bytes al- 
lows you to work with a subset of 
records corresponding to a set of key 
values specified by less than key- 
length significant bytes. For example, 
you could retrieve the first and next 
records in a set for a key value of 
100X, where X is any byte value, by 
specifying three significant bytes. 

“Get by file position” indicates that 
you can access records in physical or- 
der instead of via a key pathway. This 
feature would be most useful for 
dumping a sequential file mirroring 

the B-tree data file. 

In Table 5, virtual files are opened 
and closed as needed in a manner 
that is unseen by the programmer. 

In Table 7, “Automatic write- 
through” indicates whether the pack- 
age can be configured to force 

updates to disk automatically as soon 

as a record is updated or added to the 

data base. If the package uses a pre- 
imaging file, it stores all changes to 
the filing system for a given session in 
a temporary file. This file can be used 


Saas Cenc. 
Record/key search options Record, file, and I/O features 
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Table 4. opt. = Optional. 
Table 5. 
_ Multiuser functions 
Integrity and recovery features 
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If the package supports all-or-none 
transaction sets, you can group logi- 
cally related operations within a 


Documentation 

o 
z o = 
a 
= of/oe/s 
Sa /ac/asle 

ot | &E]/Ed/.Ls 

22 (22/22/68 

Prodack OF /wol/ua/ Os 
Btree&ISAM fair n y n 
Btrieve good y n n 
c-tree goody y y 


the package doesn’t support them. 
But if you need these features, it’s 


transaction. The package ensures that 
if any changes are made to the data nice to have them built in. 


N/A = Not applicable. 
“Overall quality,” “Source clearly commented,” and “Error codes clearly 


explained” are subjective judgments. 
Example programs indicates if complete programs are provided on disk. 


dD ata 
ENCryption 


DM<45) 


function libraries 

disassemblers 

compilers 

text editors 

text filters 

communications support 

text formatters Rie 

: , 

interpreters e Use rs G rou p 

bulletin boards Li 
ibrar 


compiler compilers 


window packages 


A Directory 
of Public Domain 
games C Source Code 


assemblers 


tutorials 
math packages 4 Send $10 A 
y Write 


link editors 
languages 

cross compilers 
pre-processors 
function libraries ay eae Group 
disassemblers Fe) 80x97 51060 


on, Ki 
eam McPieig) 241-1085 


text editors 
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OPT-TECH SORT™ 


Sort/Merge/Select Program 
for the IBM-PC and Compatibles 
New Version 3.0 with 
Btrieve & dBASE support 
e High performance assembly language 

© Sort multiple files on multiple keys 

e Filesize limited only by disk space 

© Select records on up to 10 keys 

© Output records can be reformatted 

© Supports many filetypes and datatypes 

© Can be CALLed or used stand-alone 

© $149 — Visa, MC, Amex, COD, or PO 
- Quantity discounts available. 

To order or to receive more 
information call or write: 


Opt-Tech Data Processing 
P.O. Box 678, Zephyr Cove, NV 89448 
(702) 588-3737 
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VERSION CONTROL SYSTEM 


TLIB™ keeps ALL versions of your program in ONE 
compact library file, even with hundreds of revisions! 
e Fastest, most powerful version control system you can 


buy. Nothing else comes close! TLIB updates libraries 
faster than some text editors can load and save files. 


e LAN-compatible! Shared libraries with PC Net, Novell, 
etc. Check-in/out locking for multi-programmer projects. 


e Synchronized control of multiple related source files. 
e Easy to use. Menu or DOS command line parmeters. 


e Frugal with disk space. Libraries are more compact than 
with most other version control systems. And TLIB 
uses no temporary files, so you can maintain a 300K 
library on one 360K diskette, with room to spare, even 
with TLIB itself on the same disk. 


e Free copy of Landon Dyer’s excellent public domain MAKE 
utility (.EXE, plus source code for DOS & VAX/VMS). 


e Plus: File compare utility. Virtually unlimited source file 
size. Date, comments with each version. Configurable 
user interface, and many configurable options, like: read- 
only libraries; automatic tab/blank conversion; insertion 
of revision history comment block in the source file. 


PC/MS-DOS 2.x & 3.x Just $99.95 + $3 s/h Visa/MC 
BURTON SYSTEMS SOFTWARE 
P. O. Box 4156, Cary, NC 27511-4156 
(919) 469-3068 


Reach and sell over 
100,000 
software developers 
in the brand new 
Software Developers 
Card Deck 


Your direct-response 
postcard can be sent to 
the combined subscriber 
base of AI EXPERT, 
COMPUTER LANGUAGE, 
and UNIX REVIEW for 
just pennies per buyer! 


Mailing date: 


September 1987 
Reservation closing: 
August 17th 


For advertising rates, 
postcard specifications, 
and to reserve your 
space, call today: 


Boston: 
(617) 232-5470 
Ohio: 
(216) 493-8733 


New York: 
(212) 683-9294 


San Francisco: 
(415) 397-1881 


— _ The WindowBOSS == 


Pop-up windows, pull down menus, status lines, and 

in context online help can be easily implemented. Your 
applications can drag windows around the screen and 
-automatically sense the installed video card -- all this 
without snow, flicker or delay! 


Tim Parker's column in the Feb. 1987 issue of 
Computer Language stated "the ease of use will cause 
some programmers to go overboard with windows", 


and "if you are a die-hard C programmer looking for a 
useful, license-free product, this is it’. 


COMPILERS SUPPORTED 


Borland, Microsoft, 
Lattice, Computer Innovations, 
Datalight, Mark Williams Lets C 


The Window BOSS supports PC/MSDOS for 
IBM PC/XT/AT and Compatibles 


The Window BOSS will accelerate the development of system 
and application programs in the "C" Language. The BOSS will 
let you create programs that have the same look and feel as the 
top selling spreadsheet, database, and windowing products. 
All this and source code too for only $50.00 (Shareware disk 
$15.00). 
Star Guidance Consulting, Inc. 
273 Windy Drive, Waterbury, CT 06705 
(203) 574-2449 
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INTEL HEX CODE GENERATION 
* & & & OBJ2HEX * * * & 


@ MS-DOS/PC-DOS Linker to produce 
INTEL MCS-86 format HEX files 
directly from Microsoft format Object 
and Library Files. 


@ Runs on any MS-DOS/PC-DOS terminal. 
@ Programs written in Fortran, C, 
Assembler and other languages can be 
linked to produce desired HEX code. 


@ Segmented HEX file storage for 
selective loading and PROM setting. 


@ Choice of four ways to group file 
segments and specify a physical 
location in target system memory. 


@® Complete warning and error message 
menu to aid in program translation. 


@ price $99.00 
For complete details, call or write: 


CONTROL PROCESS, P.O. BOX 8080, 
DAVENPORT, IOWA 52809 (319) 391-2992 
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Save Time & Money 


With 


GeneratoR 


"The Structured Program Editor 
and Source Code Generator 
that lets you design before 
you program" 

--Saves you 30% or more in coding time.... 

--Create Documentation as you program.... 

--Computer aided software engenering helps 
you design and write Tight structured 
programs following Warnier/Orr 
Methodology... 

--Generates Code and Psuedo Code .... 

--Easy to Learn --Easy to update.... 

--Full Featured Text Editor... 


Software Support Intro Special 


Pascal Version C Version 

$423-95 $149:957~ 
$90.99 $104.95 
Call Today 913-354-1618 


701 Jackson BS Topeka KS. 66603 
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STRUTTUREDS 


INFORMATION SYSTEMS, INC. 


FINALLY . . . ASSEMBLY 
LANGUAGE CONTROL WITH 
COMPILER CONVENIENCE! 


° Peoen LEVEL LANGUAGE WITH SYNTAX SIMILAR TO 


© HIGH LEVEL CONTROL CONSTRUCTS INCLUDING: IF-ELSE- 
WHILE-SWITCH-DO-WHILE 

© INCREASES PRODUCTIVITY 

© FULL MACRO PREPROCESSOR 

© GENERATES INTEL OR MICROSOFT ASSEMBLY LANGUAGE 

¢ RUNS UNDER PC/MS DOS 2.x AND 3.x 256K 

© AVAILABLE FOR 8086/186, 8051, OR 8096 

© $99 CHECK, MONEY ORDER, VISA, MASTERCARD 


TO ORDER, CALL OR WRITE 


INFORMATION SYSTEMS, INC. 

86 BROAD ST., EATONTOWN, NJ 07724 
OUT OF NEW JERSEY: IN NEW JERSEY: 
1-800-445-1589 1-201-544-8388 
N.J. Resident Add 6% Sales Tax 
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RIGHT HERE 
is the place to market your 
software products 


Advertise in the 
October issue of 
COMPUTER LANGUAGE 
to reach 55,000 


professional software developers 


Includes a wrap-up of 
Mac graphics tools 


Reservation deadline: August 7th 


Contact your regional advertising manager: 


East/Europe: (617) 232-5470 
Midwest: (216) 493-8733 
West: (415) 397-1881 


386 SPEED-ONLY $1,495 


Give your PC a new lease on life! With our industry first 
386 MotherBoard, your PC, PC/XT or compatible will 
revel in speeds equal to the Compaq DeskPRO 386. And 
faster. Because we've built in 1 Megabyte of high speed 
RAM and a387 math coproressor socket for speeds that 
will knock you off your rocker. 

To keep retirement at bay, our 386 MotherBoard 
is compatible with the PC/AT (BIOS and I/O) — allowing 
you to run the new generation of DOS, OS/2. We've also 
included a 16-bit expansion slot that accommodates the 
latest I/O expansion card. No accelerator card can give 
you so much versatility. 


wes ieenezs 


GET HAUPPAUGE’S NEW 386 MOT HERBOARD. 


SAVE YOUR PC FROM EARLY RETIREMENT. 


With 386 power and true AT software compatibility, your 
business, desktop publishing and engineering applications 
will get a boost to boast about! Technical Features = 16 MHz 
80386 = 1 Megabyte of 100 nsec 4-way interleaved RAM 
= PCAT compatible I/O and BIOS for support of OS/2 = Seven 
8-bit expansion slots = Two 16-bit expansion slots = One 
32-bit RAM expansion slot = Optional 16 MHz 80387 math 
coprocessor ($695) 

Put the power of the 386 into your IBM PC for 1/4 the cost 


of a 386 computer. And put off your PC’s retirement. For 
more information on our easy-to-install Motherboard, call 
1 (800) 443-6284. In NewYork, call (516) 360-3827. 


Hauppauge Computer Works, Inc. 
358 Veterans Memorial ie , 
Commack, NewYork 11725 tr 


Hauppau el 
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PRESENTING THE DIFFERENCE BETWEEN 
FAST COMPILING AND FAST PROGRAMMING, 


Sal PS Nn 


For compiling speed, —————— 
you can’t do better than pA re | 
Let’s C. But to really LETSCANDcsd 
speed up programming SERIE CCD aE 
you can’t do without the Let s Cis an inex- 
powerful source level pensive, high-quality 
debugger, csd. programming package... 

If you want the with all the tools you will 


power, portability and flex- 
ibility of C, start with the 
complete compiler, Let’s C. 
For utilities, editor, compil- 
ing speed and fast, dense 
code, Let’s C has it all. @ m any 

But to get your pro- 
grams up and running you 
need more. Because even the fastest compiler 
can’t outrun bugs. You need the revolutionary C 
Source Debugger, csd. 


CUT susie TIME IN HALF 


csd lets you bypass the time consuming frus- 
trations of debugging—like long dumps and clunky 
assembler. With csd, you actually debug in C. You learn 
faster because you watch your program run in C. You 
finish faster because csd combines the speed of a compiler 
with the interactive advantages of an interpreter. The end 
result? Development time is sliced in half. 


LET’S C AND csd FEATURES 


For the IBM-PC and Compatibles S| 


e Not copy protected 


Sieve Benchmark 
(Compile time in seconds) 


Let's C: 2.8 (On 512K 6Mhz IBM-AT) 
Turbo C: 3.89 (As advertised) 


csd: 
arge and small memory mode 
e Debug in C source code, not 
assembler 
¢ Monitor variables while 
tracing program 
Does not change program speed 


e Fast compact code plus register 
variables or size 


© Full Kernighan & Ritchie C and e Provides separate source, eval- 
extensions uation, program and history 

e Full UNIX compatibility and windows 
complete libraries ¢ On-line help screens 

© Many powerful utilities including e Can interactively evaluate any 
make, assembler, archiver, cc one- C expression Teh 
step compiling, egrep, pr, tail, we Can execute any C function in 

@ MicroEMACS full screen editor your program 
with source included e Traceback function. 2 

Supported by dozens of third e Ability to set trace points: “---- - 
party libraries e Not copy protected 


need to create applications.” . 
—William G. Wong, BYTE, 
August 1986. 


“The performance and 
documentation of the $75 
Let’s C compiler rival those 
of C compilers for the PC 

currently being sold for 
$500... highly recommended... 


LIMITED TIME | —Marty Franz, PC TECH JOURNAL, August 1986. 
OFFER 
FREE csd 
H csd WITH LET’S C! 


“esd is close to the ideal debugging environ- 
ment...a definite aid to learning C and an 
indispensable tool for program development.” 
—William G. Wong, BYTE, August 1986. 


“This is a powerful and sophisticated debugger built on a 
well-designed, ‘serious’ compiler.” “2 
—Jonathon Sachs, Micro/Systems Journal, April, 1986 


START TO FINISH, THERE’S NO 
BETTER ENVIRONMENT. 


Get started with the right C compiler and you'll have 
everything you need for development—including source 
level debugging. On top ofit all, Let’s C andcsd are today’s 
best values in professional C programming tools. And 
most reliable: Mark Williams C compilers have been sold 
with DEC, Intel and Wang computers since 1981. 


60 DAY MONEY BACK GUARANTEE 


Mark Williams gives you a full 60 days to find out just 
how good Let’s C and csd really are—or your money back. 

So if you want more than a fast compiler—if you want 
your programs up and running fast, ask for Let’s C and 
csd. You'll find them at your software dealer’s, in the soft- 
ware department of your favorite bookstore, through the 
Express Program at over 5500 Radio Shacks or you can 
order now by calling 1-800-MWC-1700.* 
“In Illinois call, 1-312-472-6659. 


Mark 
Williams 
"Company 
fs 1436 West Wrightwood, Chicago, Illinois 60614 
© 1987 Mark Williams Company 


» Let's Cis a registered trademark of the Mark ue Company. 
UNIX is a ademarie of Bell Lab: 


MARK WILLIAMS LET'S C AND csd. ONLY 975 EACH. 


CIRCLE 48 ON READER SERVICE CARD 


